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Modern technology including solar cells, household electronics, and defense aircraft among 
many others depends on a complex network of trade to source many of the materials, services, 
and technical know-how to maintain production. These technologies contribute beneficially to 
our everyday lives and are used in many fields including green energy production, everyday 
electronics, and defense related goods. Some of the materials that are required to produce such 
technology are in high demand and often volatile supply, with limited opportunities for 
substitutability due to their specific uses. Thus, these materials are known as critical materials; 
recent developments have significantly impacted their supply and introduced instability due to 
the highly-concentrated market whereby a select few countries contribute to the majority of 
production for these materials. This highly-concentrated market has also brought to light the 
impact that non-scarcity related events have on the supply risk of critical materials; events such 
as wars, upheavals, and unstable governments negatively impact the supply risk of critical 
materials. As a result, this study quantifies the supply risk of socio-political and market based 
factors of material criticality by using metrics from the world governance indicators, polity 
project, policy perception index, fragile states index, development assistance, and adapts these 
metrics to create new indicators for socio-political risk for critical materials. Risk-reward 
scenario modelling is also used to ascertain criticality based on rational financial decision 
making by mining firms. Twenty-one critical materials are identified and the developed metrics 
are used in order to quantify the underlying socio-political risk. Results based on these metrics 
suggest that the rare earth oxides, tungsten, and terbium show the most supply risk based on the 
weighted metrics. Furthermore, China and Russia have a disproportionate effect on many of the 
critical materials that are produced due to the large concentration of materials coming from those 
countries. Case studies on cobalt, nickel, and the rare earth oxides indicate that these two 
countries have strong impacts on the socio-political risk of these materials exemplified in the 
overall average socio-political risk score with the rare earth oxides being the most critical, cobalt 
being the tenth most critical material, and nickel being the twentieth most critical material out of 
twenty two materials studied. Beryllium, tungsten, and cobalt are also discussed and analyzed in 
the risk-reward scenario modelling. Results suggest that beryllium has the largest range of risk to 
reward outcomes while tungsten has the next lowest range of risk reward points with cobalt 
having the smallest range in risk-reward points. The tradeoff lines for these three materials also 
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indicate that a rational decision maker would consider tungsten to have the best risk reward 
tradeoff. Temporal variation is also studied and potential criticality forecasting is possible using 
these metrics. Beryllium’s decrease in the political stability and violence metric, increase in the 
development assistance metric, and small parallel changes in government effectiveness, 
regulatory quality, polity, fragile states, and the policy perception index do not indicate an 
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1.  INTRODUCTION 
As populations increase and industries produce more goods, overall material consumption is also 
increasing. During the past sixty years, the United States has been the subject of vast amounts of 
material consumption with particularly fast increases in that consumption occurring in the past 
sixty years or so (Matos, 2012). In addition to an increasing population, modern technology 
utilizes a host of elements to craft some of the many features which have allowed society to aim 
for a more sustainable future. These technologies are predominantly demanded in clean energy 
production, everyday electronics, and defense related equipment. 
 
Figure 1. U.S. raw nonfuel minerals put into use annually from 1900 through 2010. 
Minerals embedded in imported goods are not included. (Matos, 2012)  
Due to such demand and increasing use in complex technologies, material availability has come 
to the forefront for many interested stakeholders and concern of material scarcity has garnered 




1.1 Critical Materials 
Critical materials are minerals in high demand as well as limited and potentially volatile supply 
without readily available substitutes. Therefore, they are extensively studied and the degree to 
which these elements may experience supply risk is designated as their “criticality”. These 
minerals’ importance stems from their use in a wide array of industries including those that deal 
with renewable technologies, equipment for defense, and every day technological goods. Some 
clean energy examples include cadmium telluride and gallium in thin film solar cells, 
dysprosium in wind turbine permanent magnets, and lithium in rechargeable batteries. (Grasso, 
2013; Hoenderdaal, Espinoza, Marscheider-Weidemann, & Graus, 2013; McCandless & Sites, 
2003; Moss, Tzimas, Kara, Willis, & Kooroshy, 2011). 
Due to increased demand from modern society and the inability of the mining industry to 
increase production output rapidly (Kooroshy et al., 2009), critical materials face physical 
scarcity constraints based on the accessible quantity of materials in the Earth’s crust. More 
importantly, advances in recycling and trade networks have diminished some of the impact on 
physical scarcity and the impetus is now placed on the countries of production. Thus, critical 
material supply is affected by physical scarcity but it is also affected by the countries in which 
they are produced and the risks associated with these countries.  
Due to policies, upheavals, and other socio-political events, industries that demand these 
elements have faced an increasingly dire outlook on their potential supply risk. Supply risk is the 
probability that potential demand cannot be satisfied given production of elements. To illustrate, 
the Chinese government implemented more restrictive policies to curb the production of rare 
earth elements due in part to the negative impact on the environmental wellbeing of the mining 
process (Humphries, 2013). Over 90% of rare earth elements are produced in China and they 
have gained widespread public attention and concern due to their potentially volatile supply (this 
production curb being one example). Their importance is significant because of their physical 
and chemical characteristics which make finding substitutes particularly hard or unfeasible. 
Overall, rare earth elements are used in permanent magnets, metal alloys, catalysts, polishing 
powders, phosphors, glass additives, ceramics, and other (Hatch, 2012). Thus, these industries 
are seriously impacted by the reduction in supply given this socio-political decision.  
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Thus, due to the difficulty in finding substitutes for their uses and the potential for volatility in 
their supply, critical materials must be studied so that the potential for supply risk can be 
understood and consequences of supply risk disruptions can be mitigated.  
1.2 Supply Disruptions  
The consequences for severe disruptions for critical materials are many. Examples include 
production delays and bottlenecks, reduction in on-time delivery of products, and quality issues 
resulting from new suppliers.  But, the predominant worry is that industries and government 
agencies that use these materials domestically could see significant challenges from resulting 
price spikes due to short or long-term disruptions in supply. Thus, industry collapse and 
disruption is possible as is the weakening of national defense and other public services due to the 
lack of availability of critical materials.  
Import Reliance 
From Table 1, the United States relies on imports of many minerals with some of these minerals 
being strictly provided through trade. Import reliance means that the United States must acquire 
all or some of the minerals from abroad. As a result, a national security concern arises due to 
then need for these materials in important defense applications. Concerns regarding the private 
sector also arise as critical materials are important to many industries. This reliance is often due 
to the geographical occurrence and dispersion of minerals whereby some countries have certain 
minerals based on where they are located. Beyond location, the economics of extraction in those 
countries may be more favorable. Table 1 shows some minerals are completely imported (i.e. 
have 100% import reliance) including Niobium, Indium, and Tantalum while others such as the 
rare earths and cobalt are majority imported.  
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Table 4. US 2014 Import Reliance (percentage imported) and Top Producers of Select 
Minerals (Xhaxhollari, 2015) 
 
Reliance on these nations is problematic for multiple reasons. One reason being the United States 
is subject to a concentrated supply for these materials. This concentrated supply has similar 
characteristics to a market for a good that is concentrated in its production. This market 
concentration then can result in a shock in one part of the world and thereby affect the systems 
that depend on this supply in the United States. The second is the fear of retaliation or leverage 
by nations which may be unfriendly or adversarial with the United States. The consequences 
then could result in a weakening of national defense or economic losses with industry collapse 
and other negative impacts (Brown & Huntington, 2015).  
A pertinent example of a negative consequence of import reliance is the potential for 
other nations to enact harming policies and regulations on production or exports of these 
minerals. In the late 2000’s, rare earth elements experienced a large increase in price due to the 
enactment of policy initiatives by the Chinese government that restricted exports of rare earth 
elements (Figure 2) (Morrison & Tang, 2012). The Chinese government also planned to 
consolidate the rare earth industry into a few large conglomerates to increase efficiencies and 
decrease environmental degradation (Humphries, 2013). As the world’s largest producer and 
exporter of rare earths, China is a market mover and any supply disruptions have effects that are 
felt throughout the world. As a result, the United States has significantly researched ways to 
quantify supply risk for these elements while members of government and industry have 
supported potential stockpiling initiatives in order to mitigate some of the impacts of supply 
disruptions (Humphries, 2013).  
Materials Percentage Top Producers
Indium 100 China, Canada, Belgium, Japan
Niobium 100 Brazil, Canada
Tantalum 100 Russia, Germany, Kazakhstan, China
Gallium 99 Germany, United Kingdom, China, Japan
Germanium 95 China, Belgium, Russia, Canada 
Platinum 85 Germany, South Africa, United Kingdom, Canada
Zinc 81 Canada, Mexico, Peru
Cobalt 76 China, Norway, Russia, Finland 





Figure 2. Rare Earth Oxide Supply Shock due to Increased Regulation ($/ton of rare earth 
oxide equivalent content) (Kelly & Matos, 2014) 
In addition to the impacts that are felt when nations attempt to artificially control the supply of 
these minerals, some nations also impose import tariffs on critical materials. The United States, 
while reliant on other nations for many of the critical materials that it needs, does impose import 
tariffs on these materials. Tariffs are a way for the federal government to generate revenue as 
well as to levy foreign policy by harming other nations for misdeeds or policies that the United 
States does not agree with. As a result, while the United States relies almost exclusively on 
imports for Gallium and Tantalum in their many forms, there are a number of tariffs placed on 
these materials with disregard to the criticality issues that they already face (Figure 3).  
 
Figure 3. Selected Critical Materials and their Ad Valorem Tariffs (Xhaxhollari, 2015) 
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Other issues of import reliance are due to the changing demand and market structures based on 
unforeseen global events. From 2006 to 2009, rhenium experienced a large supply shock. This 
supply shock was due to strong demand in the petroleum and aerospace industries, even amidst 
the economic downturn. Coupled with a decrease in production in the United States, the supply 
shock led to a price spike that may have pushed some companies to the brink and has spurred 
research into ways of decreasing rhenium use (Duclos, Otto, & Konitzer, 2010; U. G. Survey., 
2010) 
 
Figure 4. Rhenium Supply Shock due to Decrease in Production and Increase in Demand in 
the Aerospace and Petroleum Industries (Kelly & Matos, 2014) 
Socio-Political Unrest and Policy Change 
Many supply disruptions occur because of socio-political events that are occurring in the 
countries in which they are mined in. Thus, countries that produce critical materials are 
important to study and the impact that socio-political unrest or turbulence can have large 
consequences on the supply risk. When critical materials are concentrated in a few countries, 
these consequences can be even more pronounced due to the lack of production diversity which 
creates a concentrated market. A country which is a foreign producer with a large percentage of 
production could have some unilateral ability to implement policies and regulations which would 
make it harder for the United States and its industries to import these materials. Thus, some of 
those critical materials have in the past experienced supply shocks due to socio-political strife 
and events that occur in their countries of production.  
In the 1970’s, a small-scale uprising in the Congo (former Zaire) disrupted the supply of cobalt 
to such an extent that a large price increase was seen in the commodity price (shown in Figure 
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5). The spike in price occurred due to a decrease in supply and speculation about its potential 
availability because the uprising disrupted some of the mines that produced cobalt. This event 
significantly hurt the semi-conductor industry and several companies that could not cope with 
the supply shock went out of business as a result.  
 
Figure 5. Cobalt Supply Shock from the Congo Upraising in the 1970's (Kelly & Matos, 
2014) 
1.3 Financial Risk 
Financial risk is also a consideration when studying supply disruptions. The overall goal of firms 
is to maximize profit and cover all variable and fixed costs. When looking at a multinational 
mining firm, decisions are made on who and how many people to hire; how much machinery is 
required; What know-how and skills are needed to fulfill the goals of the firm; and what land 
will these inputs be used in? Overall, these firms make decisions about land, labor, and capital 
and how to intermix the three to achieve the desired goal. Government agencies also make 
similar decisions based on a different set of goals, mainly, goals that serve the public good but 
which nonetheless must consider land, labor, and capital.  
In the case of multinational mining firms, where to mine the minerals that are needed is an 
important question with a difficult answer. The easiest answer is to mine in any place that has 
said material and where the economics are the most profit-maximizing. But, each nation comes 
with its own rules and regulations regarding safety for workers and for firm operations. Each 
nation may also be subject to socio-political instability and other strife which will impact the 
profitability of the firm and its ability to do business in these nations. In this regard, the risk and 
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reward for mining each mineral will vary with some materials being riskier and offering 
potentially higher rewards and vice versa.  
Governments are also subject to and affected by these rules and regulations and their decisions 
on acquiring minerals must go through a similar process; considering the nations of import and 
their rules and policies. 
Research Purpose 
The main purpose of this study is to compare critical materials through the use of market 
concentration, socio-political indicator selection which provide insight into non-scarcity related 
supply risk, potential forecasting of material criticality, and describing the risk and reward 
potential of select critical materials.  
1.4 Summary 
Critical materials are minerals in high demand with potentially limited supply, often coming 
from regions with high socio-political adversity. These materials are used in increasingly 
complex technology with the potential for substitution being significantly small due to their 
chemical properties. The technologies which use critical materials pervade our lives and include 
clean energy production, everyday electronics, as well as defense related equipment used for 
national security endeavors.  
In addition to potential for geological scarcity, critical material supply also faces risks due to the 
countries in which they reside in. Countries that have instability because of socio-political unrest 
will contribute to some extent to the supply disruptions of critical materials, or the probability 
that the supply becomes more unstable or decreases (supply risk).  
The research question is then asked: can a set of socio-political indicators provide insight into 
non-scarcity related supply risk while aiding in future forecasting of socio-political supply risk? 
As such, socio-political adversity is studied through the selection of indicators to understand the 
extent to which supply risk is affected socio-political supply shocks. The market concentration is 
calculated in the methodologies below and in conjunction with the chosen indicators, analysis is 
performed to answer the main research question. Results and conclusions are then presented 




The methodology for this work is based on the selected materials of importance, their occurrence 
and production geo-politically, and weighted metrics that can comment on material supply risk 
of a socio-political nature. The first step was to designate a list of materials of importance. Then, 
data is gathered to understand material production and to gain a better understanding of macro 
material flows. Indicators are chosen based on their adherence towards the potential to cause 
serious supply disruptions. Weighted metrics are created and analyzed to understand which 
materials are most critical, which countries have the highest risk, and which metrics might be 
useful towards future forecasting. Lastly, a risk reward space is also created and analyzed to 
inform on financial risk of critical material production. 
2.1 Materials of Importance 
According to the definition of criticality and metrics used to define critical materials, a number 
of elements can be considered critical. To better understand which critical materials have wide 
ranging importance three inter and intragovernmental agencies are used to indicate the materials 
that need to be studied. The materials chosen for this work include those which fall under lists of 
importance produced by the European Union (Commission., 2014), the Defense Logistics 
Agency (Agency), and the Department of Energy (D Bauer et al., 2011).  
The European Commission defines critical materials as materials that are high in supply risk and 
are important economically to the European Union (Commission, 2014). On the other hand, the 
Department of Energy uses three criteria to define materials as critical: relatively high demand, a 
limited number of substitutes, and some risk of supply disruption (Diana Bauer et al., 2010; DoE, 
2005). Lastly, the US Defense Logistics Agency (Department of Defense) defines materials as 
“strategic” if they support US defense missions and are likely to experience supply disruptions or 
stockpile shortfalls (DoD, 2013).  
The materials deemed critical with regards to these three agencies are presented in Table 2. Most 
of the elements are listed individually; the rare earth oxides however are listed as a group 
because of the difficulty in finding individual production data on the rare earth oxides. This 
difficulty arises from the proprietary nature of the mining companies which mine rare earth 
oxides. Additionally, the Defense Logistics Agency, Department of Energy, and the European 
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Union list the rare earth oxides together when analyzing that group of elements and their 
discussions and data are often presented as such. Thus, this study also looks at the rare earth 
oxides as a whole and as defined by the United States Geological Survey mineral commodity 
summaries publication (J Gambogi, 2014).  
Table 5. Material Importance based on DOE, DLA, and EU rankings (Agency; Diana Bauer 
et al., 2010; Commission, 2014) 
 
All of the above critical materials are considered important by at least one agency with many 
being considered important by two or more. The rare earth elements are important to all three 
agencies while elements such as cobalt, germanium, and indium are important to two or more 
agencies. This is due to each agency’s directives and goals in deciding which materials are 
important. Materials that are highly demanded in each agency’s jurisdiction will receive more 
importance than those who are not.  
2.2 Geographic Distribution of Production  

























From the United States Geological Survey (U. S. G. Survey., 1999-2015), data is collected based 
on the materials of importance (Table 2.) with regard to country production of said materials for 
2013. This data is displayed in Table 3. These minerals (materials) are selected due to their 
placement on lists of importance by the United States Department of Energy, United States 
Defense Logistics Agency, and by the European Union as stated above.  
 This data is used in the calculations of the new socio-political and risk-reward metrics 
and to illustrate the top countries that engage in the production of each material. It is important to 
note the top countries of production for each material are going to have an outsized impact on the 
supply risk of these materials because they generate most or a majority of the supply of that 
material in the world.  
Table 6. Production of Elements (metric tons) (U. S. G. Survey., 1999-2015) 
Material 
Total 
Production Country Production 
Antimony 159000 
United States Bolivia Burma China 
 5000 9000 125000 
Russia South Africa Tajikistan 
Other 
Countries  
7000 3100 4700 5200 
Beryllium 267 United States China Mozambique 
Other 
Countries  
240 20 6 1 
Chromium 29000 
United States  India Kazakhstan South Africa  
 3000 4000 15000 
Turkey 
Other 
Countries    
2400 4600     
Cobalt 112300 
United States  Australia Brazil Canada 
 6500 3000 7000 
China Congo, D.R. Cuba New Caledonia 
7200 56000 4200 2800 
Philippines Russia South Africa Zambia 
3700 6300 3000 3100 
Other 
Countries     
9500       
Gallium 380 Canada China Germany 
United 
Kingdom 




Countries     
49.4       
Germanium 164500 United States China Russia 
Other 
Countries 
  120000 4500 40000 
Indium 819 
United States Belgium Canada China 
 30 65 420 
France Germany Japan South Korea 
48 10 72 150 
Peru Russia    
11 13     
Lead 4778 
United States Australia Bolivia Canada 
 720 75 4 
China India  Ireland Mexico  
2950 110 40 220 
Peru Poland Russia South Africa 
270 40 195 27 
Sweden Turkey    
62 65     
Lithium 35770 
United States Argentina Australia Brazil 
 2900 13000 400 
Chile China Portugal Zimbabwe 
12900 5000 570 1000 
Magnesium 6965 
United States Australia Austria Brazil 
 130 200 150 
China Greece  India North Korea 
4900 115 60 80 
Russia Slovakia Spain Turkey 
400 200 280 300 
Other 
Countries     
150       
Manganese 17780 
United States Australia Brazil Burma 
 3100 1100 200 
China Gabon Ghana India 
3200 2000 540 940 
Kazakhstan Malaysia Mexico South Africa 
390 440 220 4700 
Ukraine 
Other 
Countries    
300 650     
Nickel 2431100 
United States Australia Brazil Canada 
3600 220000 126000 233000 
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China Colombia Cuba Indonesia 
100000 75000 66000 240000 
Madagascar 
New 
Caledonia Philippines Russia 
37800 165000 440000 260000 
South Africa 
Other 
Countries    
54700 410000     
Niobium 59000 Brazil Canada 
Other 
Countries   
53000 5000 1000   
Palladium 190200 
United States Canada Russia South Africa 
12200 17000 81000 60000 
Zimbabwe 
Other 
Countries    
10000 10000     
Platinum 226 
United States Canada Russia South Africa 
3.65 72 25 110 
Zimbabwe 
Other 
Countries    




United States Australia  Brazil China 
7000 2500  95000 
India Malaysia Russia Thailand 
3000 200 2500 1100 
Vietnam 
Other 
Countries    
200       
Rhenium 2453000 
United States Armenia Canada Chile 
390000 95000 32000 1300000 
Kazakhstan Peru Poland Russia 
190000 45000  310000 
Uzbekistan Other    
  91000     
Silicon 7676000 
Unites States Bhutan Brazil Canada 
359000 54000 230000 60000 
China France Iceland India 
5,000,000 1,310,00 75000 86000 
Norway Russia South Africa Ukraine 
369000 699000 86000 89000 
Venezuela 
Other 
Countries    
49000 389000     
Tantalum 1157 
United States Australia Brazil Burundi 
  98 14 
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Rwanda China Congo, D.R. Ethiopia 
600 60 200 40 
Mozambique Nigeria Canada   
85 60     
Tellurium 95 
United States Canada Japan Russia 
 10 45 40 
Peru 
Other 
Countries    
        
Terbium 111500 
United States Australia China India 
7000 2500 95000 3000 
Malaysia Russia Thailand Vietnam 
200 2500 1100 200 
Tungsten 82450 
United States Australia Austria Bolivia 
 600 850 1300 
Canada China Congo, D.R. Portugal 
2200 68000 800 700 
Russia Rwanda Vietnam 
Other 
Countries 
3600 700 2000 1700 
 
For financial risk calculations, ore grade data is taken from the Critical Metals Handbook (Gunn, 
2014). The handbook provides ore grades for a number of minerals that appear in Table 2. A 
lower bound and upper bound of ore grade is chosen based on the numbers that are provided. 
Excel is then used to generate ore grades between these bounds for the three minerals through the 
RANDBETWEEN function.  
2.3 Market Concentration  
Market concentration is going to be the degree to which the production of a material is 
concentrated within the hands of a set number of countries. Market concentration is important in 
illustrating supply risk because a highly concentrated market is going to be vulnerable to socio-
political crises as well as natural events that occur in countries with high production of these 
materials. The raw data in Table 3 reflects the market concentration of each material but a single 
scalar index will better aid in the interpretation of the data. Thus, the market concentration of 
materials (market concentration) is measured using the Herfindahl-Hirschman index. The 
Herfindahl-Hirschman Index (HHI) can be used to calculate market concentration. The index has 
had numerous other uses since its introduction, however, one of the most prominent has been its 
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use in measuring market concentration before potential mergers of firms by the United States 
Department of Justice. The Federal Trade Commission uses the HHI as a way of evaluating 
monopoly power of horizontal mergers. The HHI considers both the number of firms and the 
relative market share held by each firm to measure market concentration so it can be used as an 
indicator of competition before and after a merger to highlight risk (DOJ, 2010). Thus, a market 
is considered highly concentrated if the HHI yields a value of .25 or higher. 
In addition to market concentrations, the HHI has also been applied to inform interested 
stakeholders about supply vulnerabilities with regards to defense (GAO, 1994; Leech, 1993; 
Moran, 1990) and even energy security (Gupta, 2008; Lefèvre, 2010; OECD/IEA, 2007). 
Furthermore, because it is a measure of concentration, the HHI can be used with socio-political 
indicators as weights (weighted HHI) to ascertain the potential effects of instability and other 
non-scarcity related issues on supply risk. A summary of weighted HHI use, normalization 
methods, and score ranges can be seen in Table 4.  
Table 4. Different approaches to Herfindahl-Hirschman Index calculation found in the 
literature1 
HHI Form Market Share 
Indicator (MS) 






MS   Global Production Share (#) - country 
None None None 0 – 10,000 (DOJ, 2010; "Harmonized 
Tariff Schedule," ; 
Rhoades, 1993a; Rosenau-
Tornow, Buchholz, 
Riemann, & Wagner, 
2009) 
Global Production 
Share (%) - country 
None None 
 
None 0 – 1 (Silberglitt, Bartis, Chow, 
An, & Brady, 2013) 
Global Production 
Share (%) – 
company 
None None None 0 – 10,000 (Rosenau-Tornow et al., 
2009) 
Net Export Capacity 
- country 












average shift + 5,  
range = 200%  
WGI: 0 -10; 
HHI = 0 – 10 
0 - 10 (Commission, 2014; Goe 
& Gaustad, 2014; 





None EPI: 0 - 10 
HHI: 0 - 10 
0 - 10 (Goodstein & Velamuri, 
2009) 
Global Production 
Share (%) - country 
WGI – all, 
average, 
percentiles 
WGI’ = 100 – 
WGI; 
 




PPI’ = -(PPI – 
PPIavg)/stdevPPI 
x 10 + 50 
None ? (Nansai et al., 2015) 
Foreign Import 






None 0 – inf (Gupta, 2008) 







average shift + 2, 
range = 40% 
WGI: 1 – 3 0 – 30,000 (Lefèvre, 2010; 
OECD/IEA, 2007) 
                                                          
1 Table 3 is taken from a working paper with additional contributions from Dr. Gabrielle Gaustad and Dr. Michele 




MS SI   Global Production Share (%) – country 




average shift +5.5 
range = 180% 
WGI: 1 – 10 0 – 10 (Rosenau-Tornow et al., 
2009) 
PPI PPI’=100 – PPI None 0 – 100 ("Harmonized Tariff 
Schedule,") HDI HDI’ = 1 – HDI HDI: 0 -100 0 – 100 
WGI – PSAV WGI’ = 1 – WGI  None 0 – 100 
   2i j ji jMS MS SI  
  MSi = Global 
Production Share 
(%) - country;  
MSj = Foreign 





WGI – PSAV, 
estimates 
WGI’: 
Average shift +0.5 
Range = 20% 
WGI: 0 - 1 0 – 1 (Gemechu, Helbig, 
Sonnemann, Thorenz, & 
Tuma, 2015) 
   2
2
i i ii i
f MS MS SI  
  
Global Production 
Share (#) - country 
WGI – PSAV, 
percentile (#) 
   17.5 HHI – 61.18f ln  
WGI’ = 100 – 
WGI 
 
None 0 – 100 ("Harmonized Tariff 
Schedule,") 
 
The weighted HHI then has been used to calculate the global production share, import share, and 
net export capacity and it will be used to create a weighted metric that can convey socio-political 
risk. The weights to be used are selected based on their conveyance of socio-political risk. These 
socio-political risk factors inform on politically motivated violence and instability, regulatory 
quality, government effectiveness in providing civil services, the type of government in place, 
the possibility of a national collapse, the perception of policy initiatives with regards to mining, 
and the amount of development assistance that some countries are provided. 
For each mineral, the market concentration shows the extent to which a mineral’s supply is 
concentrated based on the number of countries that produce that mineral and the production 
share of each country.  A higher market concentration indicates that material supply is controlled 
by fewer and fewer producers. A material with a particularly high market concentration will be 
subject to all of the socio-political instability of the dominant producer(s). In addition, a highly 
concentrated market will be subject to large volatility in price because the market will have 
difficulty in bearing supply disruptions.  
The Herfindahl-Hirschman index (HHI) (Rhoades, 1993b) is utilized to calculate the market 
concentration for the materials of concern and is calculated as follows in this study:  






The production of a material for every ith country is represented by 𝑎𝑖 and the total production of 
that material in the world is represented by 𝑇. The individual country production is divided by 
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the total world production, squared, and then summed for each individual country that produces 
that material. 
Calculations for the HHI and the weighted HHI are presented in the tables and equations below.  
Table 5. Country Production for Tellurium (U. S. G. Survey., 1999-2015) 
Tellurium  
Total production 
(metric tons) Canada Japan Russia 
 
95 10 45 40 
 
Calculating the Herfindahl-Hirschman Index 
HHITellurium = (Canada/total production)^2 + (Japan/total production)^2 + (Russia/total 
production)^2 
=(10/95)^2 + (45/95)^2 + (40/95)^2 
=   .41 
These calculations are carried out for each material. Materials are then ranked from most 
concerning to least concerning based on their HHI. Materials with a higher HHI are more 
concerning than materials with a lower HHI because a higher HHI indicates a higher market 
concentration of that material and vice versa. The HHI is calculated by using 2013 country 
production values and presented in Table 7 in the results section.  
2.4 Socio Political Indicators  
2.4.1 World Governance  
The World Governance Indicators (WGI) are the first socio-political indicators that are going to 
be studied and used to weight HHI. These indicators are used because they provide The World 
Governance Indicator project establishes six composite indicators that describe and evaluate 
governance in countries around the world. Governance is defined as the “traditions and 
institutions by which authority in a country is exercised” (Kaufmann, 2010). Governance is then 
further broken down into three areas: “(a) the process by which governments are selected, 
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monitored and replaced; (b) the capacity of the government to effectively formulate and 
implement sound policies; and (c) the respect of citizens and the state for the institutions that 
govern economic and social interactions among them.” (Kaufmann, 2010). These three areas 
contain two additional subareas or “indicators” each that sufficiently describe them by 
establishing levels of governance. These indicators are political stability and the absence of 
violence/terrorism, voice and accountability, government effectiveness, regulatory quality, rule 
of law, and control of corruption.  
Each of the six indicators is built on a series of surveys. Surveys are given to households and 
firms, multilateral organizations, as well as non-governmental/not-for-profit organizations in 
order to gauge their perception of the level of governance that each indicator is measuring. A 
country with more sources is given greater confidence when attempting to study and compare the 
results. The results and the data that are acquired from the surveys are ultimately reworked into 
an estimated level of governance in standard normal units.  
Thus, most of the data will fall between the .5th and 99.5th percentiles of a standard normal 
distribution or between an estimated score of -2.5 to 2.5. The higher the score the better a 
country is in in that particular indicator or level of governance and the lower the score the worse 
off that country is for that indicator. For example, Greenland has one of the highest scores for the 
political stability and the absence of violence (PSAV) indicator. This high score denotes that 
Greenland is generally a place devoid of politically motivated instability and violence.  
Out of the six indicators, Regulatory Quality, Government Effectiveness, and Political Stability 
and Absence of Violence/Terrorism will be used to weight HHI. These indicators are chosen to 
convey the risk inherent in politically motivated violence, the government’s ability to provide 
proper civil services, and the private regulatory atmosphere. 
Regulatory Quality (RQ) assesses the ability of the incumbent government in each nation to 
create laws which encourage and protect private investment. Private investment is a source of 
jobs, innovation, and produces significant goods in society and nations that have laws which 
encourage such investment tend to be more democratic than those who do not (Rueschemeyer, 
Stephens, & Stephens, 1992). Some states such as Zimbabwe, maintain strict cont rol of many 
industries through coercive tactics (Goodstein & Velamuri, 2009) which would otherwise be best 
served by the private market. These effects on the supply of materials due to negative state 
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policies towards private development may significantly increase supply risk because of the costs 
or market barriers that are imposed on foreign direct investment.  
Government Effectiveness (GE) assesses the ability of the government to create and maintain 
high quality civil services which are separate from political pressures and seizures of that 
government. Foreign and domestic companies must consider the lack of civil services when 
considering mining and export operations in these countries as well as the potential for the 
incumbent government to seize or disrupt their operations. Where the likelihood of disruption 
due to government effectiveness is high, so the likelihood of supply disruptions will also be high. 
The cumulative effects on supply risk then may be much larger when civil services are not 
adequately provided by the government and when uncertainty is present on whether that 
government will honor operations and enacted contracts.  
Lastly, political stability and the absence of violence/terrorism is the last world governance 
indicator that is assessed. Violence due to political motivations will negatively impact supply by 
increasing the risk of supply disruptions as was seen in the Congo in the 70’s and presented 
previously. These acts of violence, rebellion, or terrorism can have swift and expansive 
consequences on domestic industries due to the potential for large price increases and additional 
shocks and volatility. As a result, capturing this effect is important and PSAV will also be used 
to weight HHI.  
2.4.2 Polity 
The Polity project “codes authority characteristics for states” (Marshall G., 2014) and creates a 
score for the level of authority present in a country. This score gives information on whether a 
country is democratic, autocratic, or somewhere in between (termed anocracies). These authority 
characteristics are deemed to have some impact on supply risk depending on where on the 
spectrum governments fall. Governments that lean on democracy are going to be less likely to 
contribute towards supply risk and those that lean on autocracy are going to be more likely.  
The polity score for each country represents a continuum where a fully institutionalized 
autocracy receives a score of -10 while a fully institutionalized democracy receives a score of 10. 
The scores assigned to each country are coded from several separate ideals of authority. A score 
that leans towards democracy garners positive individual scores on the competitiveness of 
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executive recruitment, openness of executive recruitment, constraint on the chief executive, and 
competitiveness of political participation. While, a score that leans towards autocracy receives 
negative values from competitiveness of executive recruitment, openness of executive 
recruitment, constraints on the chief executive, regulation of participation, and competitiveness 
of participation.  
In practical terms, governments that tend towards democracy will generally place peace, 
economic prosperity, civil services for all people, and freedom for political choosing as prime 
targets for society to achieve (Lipset, 1959; Russett, 1994). These principles allow for laws that 
protect foreign and domestic investments and intellectual property rights. They allow for stability 
in a pluralistic society and they generally engender and attract businesses. In the process, these 
types of societies should drive supply risk down. Autocracies on the other hand tend towards 
centralization politically, economically, and socially. Many autocracies are led by an 
authoritarian leader, the military, or some other form of single party rule where elections are 
restricted with economic and/or social policies being restrictive in nature (Marshall G., 2014; 
Mattes & Rodríguez, 2014). Within these bounds, countries that receive positive scores are 
considered to be less concerning when assessing supply risk than countries who receive negative 
scores.  
2.4.3 Fragile States Index 
The fragile states index is a quantitative representation of the “vulnerability of states to 
collapse”(Messner, 2015). Created by The Fund for Peace, the index’s mission is to “prevent war 
and alleviate the conditions that cause violent conflict” by highlighting the many pressures that 
push a state towards instability and war (Messner, 2015).  
The index itself is composed of twelve individual indicators which rely on public source data to 
be determined. These indicators are: demographic pressures, refugees and internally displaced 
persons, group grievance brain drain and human flight, uneven economic development, 
economy, state legitimacy, human rights and rule of law, security apparatus, factionalized elites, 
and external indicator. Each indicator has a range of 0 to 10 with 0 being the most stable and 10 
being the least stable. To generate the total fragile states score for each country, each individual 
indicator value is added up. The lower the score the more stable a country will tend to be and the 
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farther away from collapse it is. With regards to supply risk, fragile states with particularly high 
scores on this scale are going to exhibit high degrees of risk and be a cause of concern.  
2.4.4 Policy Perception Index  
The Policy Perception Index (PPI) is an assessment of how attractive mining policies in a 
particular jurisdiction are, “from the viewpoint of an exploration manager” (Jackson & Green, 
2015). This index captures the opinions and views of executives who work in these jurisdictions 
about the effects of policies that are present in the jurisdictions in which they work in. Surveys 
are given to executives consisting of these topics: uncertainty concerning the administration, 
interpretation, and enforcement of existing regulations; environmental regulations; regulatory 
duplication and inconsistencies; taxation; uncertainty concerning disputed land claims and 
protected areas; infrastructure; socioeconomic agreements; political stability; labor issues; 
geological database; and security (Jackson & Green, 2015). 
To calculate the PPI, an average score in each jurisdiction is taken for all of the 15 policy 
questions indicating that policy’s overall score. These average scores are then standardized 
whereby the average response is subtracted from each jurisdiction’s score on each policy 
question and then divided by the standard deviation. These 15 scores are added and then 





A total normalized score of 0 to 100 is created where the jurisdictions with the most attractive 
policies receive a score of 100 and the places with the least attractive policies towards mining 
receiving scores of 0. Countries with stronger PPI scores will likely have less supply risk than 
countries with lower PPI scores. While there are many issues governing complex political and 
financial rules and regulations, favorable rules and regulations in mining will make it easier for 
companies to run their businesses there and in the process, lower some of the supply risk that 
might otherwise be apparent.  
2.4.5 Net Official Development Assistance and Official Aid Received 
Net Official Development Assistance and Official Aid Received (Development Assistance i.e. 
DA) is the last indicator that is used to weight HHI and differs somewhat from the previous 
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indicators used. Development assistance (including loans and grants) is received by many 
countries from the Development Assistance Committee of the Organization for Economic Co-
operation and Development as well as other international institutions and countries to promote 
economic development in countries which require this assistance (World Bank, 2017).  
Those countries that receive development assistance do so to promote general development and 
cooperation with other nations. Additional goals include sustainable development, poverty 
reduction, as well as improvements in overall living standards. From a supply risk perspective, 
improvement in these conditions should yield less risk because nations with a high need for 
development assistance score low on metrics that help improve supply risk when present. 
Therefore, countries that receive DA will be inherently less stable overall compared to countries 
who do not. Thus, some supply disruptions are assumed to be present or would be present in 
these countries.  
2.4.6 Socio-Political Indicator Weighted HHI 
The market concentration (HHI) is weighted by these socio-political indicators given 2013 
material production concentration and historical scores for each of the indicators. The market 
concentration is weighted as follows:  








The I indicates the “ith” indicator score for that country, which is multiplied through each 
country’s market share and then summed across all countries that produce that particular 
material. A sample weighted HHI is calculated for Beryllium given the political stability and the 
absence of violence (PSAV) score for that material. Table 6 shows the country production 
numbers and the PSAV score which are used to calculate the metric. The “other countries” that 
produce the material are not weighted because there may be many other countries which fall 
under that category.  
Table 6. Political Stability and the Absence of Violence Weighted Herfindahl-Hirschman 







United States 240 0.58 
China 20 -0.53 
Mozambique 6 -0.37 
Other Countries  1 
 
 





















]   
= .47 
It is important to note that because some of these indicators have ranges that constitute negative 
numbers, there will be negative as well as positive results after this calculation. These results are 
not going to clearly identify what the direction of each of the effects being measured. While 
market concentration will make a material more likely to be critical as it increases, government 
effectiveness will make that material less likely to be critical as its score increases. Thus, a 
process of normalization is undertaken so that the socio-political indicators show a material to be 
more critical as their values increase and less critical as their values decrease and vice versa so 
that proper understandings and comparisons can be conveyed from this metric.  
Thus, after calculating the raw weighted scores (Weighted HHI) as a first comparison, the 
reported values of the socio-political indicators are normalized based on the overall minimum 
and maximum values for each given year.  





The PSAV score for each country (Countryi) is subtracted from the minimum PSAV country 
score for 2014 and that result is then divided by the minimum country score subtracted from the 
maximum country score. The results are shown in Table 7.  
31 
 
From there, these new scores are normalized further by subtracting each country score from 1 to 
change the direction of the affects that the scores represent. This way, high country scores 
represent worst outcomes than low country scores and that effect is similar to a high market 
concentration versus a low market concentration scenario. These results are described by the 
equation below and also presented in Table 7.  
These score’s effects then align with the effects of market concentration and a composite 
weighted HHI has a much clearer understanding. To reiterate, after normalization, as the 
weighted HHI increases, so does material criticality because as the weighted HHI increases the 
market concentration and the socio-political indicator are also increasing. These increases could 
be occurring to both the HHI or to the socio-political indicators or to both. This new weighted 
HHI is calculated and will be presented in the results section below.  
Table 7. Political Stability and the Absence of Violence Normalized Scores 2014 & 1-( 
Political Stability and the Absence of Violence Normalized Score 2014)  
Country PSAV Normalized Score 2014 1-(PSAV Normalized Score 2014) 
Congo, Dem. 
Rep. 0 1 
Nigeria 0.02 0.98 
Ukraine 0.06 0.94 
Ethiopia 0.25 0.75 
Korea, Dem. 
Rep. 0.29 0.71 
Colombia 0.31 0.69 
Myanmar 0.32 0.68 
Turkey 0.33 0.67 
India 0.35 0.65 
Russian 
Federation 0.36 0.64 
Thailand 0.37 0.63 
Venezuela 0.38 0.62 
Mexico 0.39 0.61 
Burundi 0.4 0.6 
Philippines 0.43 0.57 
Tajikistan 0.43 0.57 
Zimbabwe 0.44 0.56 
Madagascar 0.47 0.53 
China 0.48 0.52 
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Peru 0.48 0.52 
Indonesia 0.52 0.48 
Bolivia 0.53 0.47 
Mozambique 0.53 0.47 
Sri Lanka 0.54 0.46 
Armenia 0.55 0.45 
Rwanda 0.56 0.44 
Ghana 0.6 0.4 
Greece 0.6 0.4 
South Africa 0.6 0.4 
Brazil 0.61 0.39 
Vietnam 0.62 0.38 
Argentina 0.63 0.37 
Kazakhstan 0.64 0.36 
Korea, Rep. 0.66 0.34 
Gabon 0.68 0.32 
Zambia 0.68 0.32 
Malaysia 0.7 0.3 
Spain 0.71 0.29 
France 0.72 0.28 
United Kingdom 0.76 0.24 
Chile 0.77 0.23 
Cuba 0.78 0.22 
United States 0.8 0.2 
Belgium 0.84 0.16 
Portugal 0.87 0.13 
Poland 0.88 0.12 
Germany 0.9 0.1 
Japan 0.91 0.09 
Australia 0.93 0.07 
Slovakia 0.93 0.07 
Ireland 0.94 0.06 
Sweden 0.94 0.06 
Bhutan 0.95 0.05 
Norway 0.96 0.04 
Canada 0.97 0.03 
Iceland 0.99 0.01 




To better understand these calculations, beryllium is again used as an example and using the data 
in Table 6 the beryllium normalization is shown. The country score, the minimum, and the 
maximum values for 2014 are taken from the raw PSAV scores.  
From equation 4 for the United States: 
[.58−(−2.20)]
[1.26−(−2.20)]
 = .8   
Then, 1-.8 = .2 
From equation 4 for China: 
[(−.53)−(−2.20)]
[1.26−(−2.20)]
 = .48 
Then, 1-.48 = .52 
From equation 4 for Mozambique: : 
[(−.37)−(−2.20)]
[1.26−(−2.20)]
 = .53 
Then, 1 - .53 = .47 





















] = .16 
When compared with the other normalized estimates in Table 9 below, beryllium will rank lower 
when being compared to the other materials denoting that beryllium is less risky to be critical.  
2.5 Financial Portfolio Indicator 
The financial risk and reward tradeoff model relies on similar assumptions to the decision 
maker’s choices amongst countries to purchase materials from. A firm’s goal is to maximize its 
profit (Eisenhardt & Zbaracki, 1992; Elbanna & Child, 2007; Grubert & Mutti, 1991; McKeown, 
1984). This can be done traditionally with assuming a cost benefit model that considers pricing 
and dollar returns. It can also be done by expanding the firm’s decision-making horizon so that 
the risk of investment or product purchase is considered through the market concentration of a 
product and other more qualitative risk assessments as well as other profit maximizing decisions. 
These profit-making decisions can be based on socio-political issues, organizational changes, as 
well as lobbying government for favorable policies.  
34 
 
Private mining firms usually go through many steps before deciding where and what materials to 
mine. In general, mining firms are in the business that they are in because they have expertise in 
mining. These firms are either knowledgeable about the ore content of a region and can 
undertake sampling and feasibility studies or they need to engage in mineral exploration studies 
to determine ore concentration. Once ore content is understood and the economics are there, 
companies will undertake a series of steps to mine that ore and to acquire the minerals that may 
be held within. Throughout this process, firms also have to contend with public support for what 
they are doing, environmental considerations, and the rules and regulations that are put in place 
and that these firms have to adhere to (MIT, 2016).  
A profit maximizing firm is willing to look at the tradeoffs of risk and quality of the material that 
is being purchased when making purchasing or investing decisions. As a result, a higher level of 
risk may be taken if the expected return is high enough (Fiegenbaum & Thomas, 1988).  This 
assumption is made because there is not always a set level of risk and reward that a firm is 
willing to partake in. Some levels of risk will be too much while other levels will not be enough. 
Therefore, the socio-political indicator scores and market concentration are used as “risk 
weights” denoting how risky a decision may be. The return on the decision itself will consist of 
the profit that is accrued from the decision (found through a price and quantity calculation less 
the costs) multiplied by the ore grade to create a “quality” metric that the decision maker’s 
expected return is based upon.   
Polity scores will be used as the risk measurement. Polity is used because government 
characteristics tend to act as a proxy for other measurements of risk that interested stakeholders 
may have to contend with. As previously mentioned, government’s that score more 
democratically tend to be freer and more stable. Strong special interests such as aristocrats and 
other interested stakeholders have generally less say in short term business decisions promoting a 
better business environment. Thus, these governments are insulated from powerful regional 
pressures that would otherwise sway law and order back and forth; making these countries less 
risky to invest or buy from (Rogowski, 1987). Governments that have lower polity scores will 
tend toward autocracy and generally the opposite effects may occur.  
The risk reward model is an adaptation of modern portfolio theory which states that a portfolio of 
assets can maximize its expected return by taking into account varying levels of risk for the 
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investor. This is done by multiplying the expected return on the asset by the “weight” of that 
asset i.e. the amount of that asset relative to the total asset as such (Chen, Chung, Ho, & Hsu, 
2010):  
Equation 5: 𝐸(𝑅𝑝) = ∑ 𝑤𝑖𝐸(𝑅𝑖) 
𝑛
𝑖=1  
Whereby, E(Rp) is the expected return of portfolio, E(Ri) is the expected return of investment and 
wi weight of investment. 
The model is adapted and considers two primary risk factors, market concentration and socio-
political instability. These two risk factors are then used to weight the expected return. These two 
risk factors are used as the weight because a decision maker is assumed to be comparing the risk 
and return tradeoff for mining a particular mineral. Hence, they weight their expected return by 
the risk factor such that with a higher risk there is expected to be a higher return.  
For this study, the expected return is the ore grade of each mineral multiplied by the price. 
Presumably, the higher the ore grade of a material the higher the return will be. A higher ore 
grade means there will be more of that particular material in the ore which can be processed or 
sold presumably offering the decision maker higher value. The price is also considered because it 
represents the amount of value that should at least be recovered by the decision maker. These 
two factors combine as a quality metric to give expected return on the individual assets. 
After market concentration is calculated using the Herfindahl-Hirschman index, socio-political 
instability will be represented by Polity which is an index that ranks countries on government 
authority characteristics on a spectrum consisting of autocracy and democracy. Countries that are 
fully democratic receive a score of 10 and countries that are fully autocratic receive a score of -
10.  
Expected return on the portfolio is modeled as such: 




Each term is indexed by the country in which the mineral is mined in. Thus, xi is the market 
concentration of the mineral, yi is the socio-political risk factor Polity, and E(Ri) is the expected 
return on an individual asset which is modeled by multiplying ore grade and price.  
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Thus, the expected return becomes:  




Whereby oi is the ore grade for the mineral and pi is the general price of the mineral.  
For the model, an upper and lower bound of ore grade is used with random numbers being 
generated in between in excel. Upper and lower bound ore grades are taken from the Critical 
Metals Handbook (Gunn, 2014). The key insight here is that a higher ore grade will mitigate to 
some extent higher potential risk in mining that ore. Ore grade is then multiplied by the price. 
Therefore, oi is the ore grade and pi is the static price which are then used and taken from 
infomine.com as well as beresources.ca.  
For example, a risk reward point for beryllium can be calculated by first looking at its ore grade 
range of 11% to 42%. Then, a static price of $230 is found on beresources.ca. The market 
concentration is used and taken from the HHI data and polity is used as the risk factor. Polity is 
calculated into a risk metric by taking the lowest polity range of the countries that produce 
beryllium and dividing that number by the number of data points, in this case, thirty-five data 
points. Thirty-five data points are chosen so that there are enough estimated bundles that data 
and conclusions can be made from. These numbers are then multiplied together to give the 
expected return for beryllium at each level of ore grade and risk (Figure 10).  
Furthermore, a frontier is estimated and drawn around the results of the studied minerals and 
from the slope of the points that are at the top of the frontier for each given risk level; a tradeoff 
risk reward line is calculated to understand the optimal risk reward bundle that a rational 
decision would be willing to take for each of the minerals.  
Thus, to understand some of the risk reward scenarios presented above, Beryllium, Cobalt, and 
Tungsten are studied due to their placement on lists of criticality based on previously discussed 
organizational importance. 
3.0 Results and Discussion 
Results and discussion are presented based on the calculations of market concentration, socio-
politically weighted market concentration, and financial risk-reward tradeoff. A discussion is 
37 
 
then conducted based on these results and the potential for these metrics to inform on future 
supply risk and criticality issues.  
3.1 Market Concentration 
Materials that have high market concentration and are only produced in a small number of 
countries or which are dominated by a single country or a few top producers will be subject to 
those country’s socio-political issues and crises. The results suggest that many materials have 
majority production concentrated in one or a small number of countries resulting in a high 
market concentration of that particular material.  
The countries that produce these materials are ranked from largest to smallest producers based on 
the number of materials that they produce. From Figure 6, China and Russia stand out as the 
countries that produce the most materials. Because of their importance in the market for 
producing these materials, events in these countries will be pertinent to those interested in 
material supply risk for those minerals that are produced by China and Russia due to these 
countries’ ever tenuous relationship with the United States. The same can be said for the rest of 
the countries on the list. While not all countries are large producers of minerals, those that do 
produce minerals will be of concern to stakeholders who are interested in acquiring that 




Figure 6. Top Producers of Critical Materials 
Market concentration was then calculated based on the HHI and presented in Table 7. Out of all 
of the minerals, only two are below a .25 market concentration mainly, Manganese and Nickel. 
The rest of the minerals have significantly high market concentrations denoting that their 
production or majority production occurs in a small number of countries.  
Those critical materials that have a concentrated supply will have a higher probability of being 
negatively impacted by socio-political instability in their countries of production. Interestingly, 
even materials that are produced in countries that are generally considered stable, such as the 
United States in the case of beryllium, will have an outsized impact on the overall supply and 
any negative events occurring in these countries that affect that supply will also have an 
oversized impact on the material.  


















































3.2 Socio-Political Indicators  
Countries and their socio-political scores are shown in Table 9. The countries with the worse 
scores on each of the socio-political indicators are plotted at the top of Table 9. The countries 
with the most concern and who are likely to have the largest supply risk are North Korea, 
Zimbabwe, and Venezuela among others. The reasons for this supply risk are due to the lack of 
proper forms of government amongst any of these nations as seen in the resulting indicator 
scores.  
China, while being a large producer of the rare Earth elements as well as other minerals is ranked 
moderately high up on the list below (Table 9). One reason for this ranking is that the Chinese 
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government scores moderately high on some of the indicators. For example, China has a negative 
value for development assistance, suggesting that the Chinese government is contributing funds 
towards developing nations versus receiving any for itself. The other indicators show similar 
results. Thus, China is moderately high on the table below and exhibits a moderately high level 
of concern.  
Similarly, while being one of the top producers of elements, Russia is also a moderately high 
ranking country when supply risk is concerned. Like China, they do not have a value for their 
development assistance suggesting that the Russian government has not been receiving 
development funds; indicating that Russia is a more stable place for mineral mining than those 
countries which do receive these funds. However, on the political stability and absence of 
violence indicator Russia scores high with a score of -.94. Overall, Russia produces many 
minerals and most of the indicators score it as a country of concern, albeit not the highest country 
of concern.  
Table 9. Country Scores for Each Indicator in 2014 (Jackson & Green, 2015; Kaufmann, 
2010; Marshall G., 2014; Messner, 2015; World Bank, 2017) 
  2014 Country Scores for Each Indicator 
Country FS DA PPI Polity PSAV GE RQ 
North Korea 94.00 153440000 
 
-10.00 -1.18 -1.65 -2.20 
Zimbabwe 102.80 757850000 9.51 4.00 -0.68 -1.19 -1.90 
Venezuela 76.70 98390000 15.35 4.00 -0.87 -1.23 -1.81 
Myanmar 94.30 1380080000 47.06 -3.00 -1.10 -1.28 -1.39 
Congo, D.R. 110.20 73970000 27.85 5.00 -2.20 -1.57 -1.36 
Cuba 70.80 261690000 
 
-7.00 0.51 -0.06 -1.36 
Argentina 47.30 49190000 47.61 8.00 -0.01 -0.18 -1.08 
Ethiopia 97.90 3585110000 13.15 -3.00 -1.32 -0.42 -1.07 
Bhutan 80.90 129770000 
 
5.00 1.08 0.27 -1.01 
Tajikistan 84.60 356290000 
 
-3.00 -0.69 -0.75 -1.01 
Bolivia  78.90 671840000 20.13 7.00 -0.35 -0.59 -0.86 
Nigeria 99.70 2476180000 10.63 4.00 -2.13 -1.18 -0.81 
Gabon 72.20 111370000 
 
3.00 0.17 -0.64 -0.79 
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Burundi 97.10 501750000 
 
6.00 -0.80 -1.12 -0.71 
Madagascar 83.10 583140000 34.07 6.00 -0.57 -1.29 -0.69 
Ukraine 67.20 1403680000 
 
4.00 -1.99 -0.38 -0.63 
Vietnam 72.70 4217860000 26.04 -7.00 -0.05 -0.06 -0.59 
Zambia 86.20 994550000 52.35 7.00 0.15 -0.49 -0.49 
India 76.90 2983560000 47.45 9.00 -0.98 -0.20 -0.45 
Russia 76.50 
 
30.49 4.00 -0.94 -0.08 -0.40 
Mozambique 85.90 2103440000 33.41 5.00 -0.37 -0.73 -0.40 
Kazakhstan 68.50 88430000 42.39 -6.00 0.01 -0.02 -0.27 
China 79.00 -959960000 20.73 -7.00 -0.53 0.34 -0.27 
Indonesia 76.80 -388220000 15.83 9.00 -0.41 -0.01 -0.10 
Sri Lanka 92.60 488190000 
 
3.00 -0.33 0.09 -0.08 
Brazil 61.40 911560000 33.01 8.00 -0.10 -0.15 -0.07 
Philippines 85.30 675730000 5.23 8.00 -0.72 0.19 -0.01 
Ghana 70.70 1126430000 57.97 8.00 -0.13 -0.29 -0.01 
Armenia 71.30 265340000 
 
5.00 -0.30 -0.17 0.22 
Rwanda 90.50 1033960000 
 
-3.00 -0.27 -0.01 0.24 
Thailand 77.00 351160000 52.33 -3.00 -0.91 0.34 0.27 
South Africa  66.60 1070440000 44.47 9.00 -0.13 0.34 0.30 
Greece 52.10 
 
35.45 10.00 -0.13 0.40 0.34 
Turkey 74.10 3441780000 44.15 3.00 -1.07 0.38 0.41 
Mexico 71.10 806700000 52.02 8.00 -0.85 0.19 0.43 
Colombia 83.10 1221310000 41.99 7.00 -1.12 -0.11 0.50 
Peru 72.90 324830000 53.88 9.00 -0.55 -0.28 0.52 
Portugal 33.10 
 
63.54 10.00 0.80 1.01 0.77 
Spain 43.10 
 
33.13 10.00 0.26 1.15 0.78 
Malaysia 66.20 11920000 5.23 5.00 0.24 1.14 0.84 
Slovakia 45.30 
  
10.00 1.01 0.87 0.90 
Poland 42.10 
 
40.56 10.00 0.85 0.82 1.06 
France 34.80 
 
63.59 9.00 0.31 1.40 1.09 
South Korea 36.40 
  
8.00 0.09 1.18 1.11 
Japan 36.30 
  





8.00 0.71 1.40 1.17 
Iceland 25.90 
  
10.00 1.22 1.50 1.21 
United States 35.40 
 
69.08 10.00 0.58 1.46 1.27 
Austria 28.50 
  
10.00 1.26 1.57 1.49 
Chile 42.00 240560000 72.23 10.00 0.46 1.14 1.50 
Norway 23.00 
 
76.93 10.00 1.11 1.81 1.64 
Germany 30.60 
  
10.00 0.92 1.73 1.70 
Ireland 26.10 
 
95.99 10.00 1.05 1.60 1.75 
Sweden 21.40 
 
92.51 10.00 1.06 1.79 1.80 
United Kingdom 34.30 
  
10.00 0.43 1.62 1.83 
Canada 27.40 
 
78.98 10.00 1.16 -0.77 1.83 
Australia 26.30 
 
70.47 10.00 1.02 1.59 1.87 
New Caledonia 28.60 
      
 
3.3 Risk Weighted Herfindahl-Hirschman Index (HHI) 
Materials are ranked based on their weighted HHI for the year 2014. The highest scores are 
considered to be the worst outcome when it comes to understanding supply disruption based on 
market concentration and socio-political supply risk. A range of possible scores is realized 
however with some interpretation needed for most of the scores falling in the center of the 
rankings. The high scores insinuate that there was instability in nations depending on which 
indicator is studied that produce that particular mineral such that the weighted HHI score is 
pulled up, indicating that the material is of concern for supply instability. Lower scores on these 
indicators then indicate a material which should be less concerning with regard to socio-political 
instability.  
Therefore, desirable scores for each material are going to depend on each particular stakeholder 
who is interested in studying supply risk for the materials that they are interested in acquiring. 
However, a general understanding of severity can be established. Materials that have a market 
concentration at or below .25 so that no significant monopoly power is present within the market 
(as defined by the Department of Justice) are considered to be more desirable than those that 
have a market concentration of greater than .25.  
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For the indicators, the normalized estimate of each indicator for each country will also need 
some interpretation but generally, normalized score that are above .4 are going to be concerning. 
Overall, the weighted HHI for each indicator is presented in Table 10 with an average score 
calculated as well. A number of scenarios are assessed to better understand these results.  
Scenario 1 – High market concentration and high indicator score 
 With high market concentration, a high indicator score will indicate a high potential for 
supply disruptions. Using PSAV as an example, the high potential for supply disruptions is due 
to the highly-concentrated market as well as the high tendency for the countries that produce 
these minerals to exhibit politically motivated violence or terrorism. This outcome is the least 
desirable for an interested stakeholder who is gauging potential supply disruptions. Thus, the 
extreme version of this outcome can be calculated by assuming a high market concentration (.99) 
and using the Democratic Republic of Congo’s PSAV score for 2014 (1) as such: 
1 × .99 =  .99  
Scenario 2 – Low market concentration and Low Indicator Score 
If there is a low market concentration and a low indicator score, a favorable weighted HHI 
emerges denoting a climate that is much less conducive to supply disruptions. For example, if we 
assume a material has a market concentration of .01 and we take the normalized PSAV score for 
Australia for 2014 (.07), the weighted HHI becomes:  
. 07 × .01 =  .0007  
Generally, minerals that have a lower market concentration and a lower normalized indicator 
score should be a safer bet when supply risk is concerned.  
Table 10 shows the risk weighted HHI and ranks materials from most to least concerning based 
on the average risk weighted HHI score.  
Table 10. Socio-Political Stability Weighted Herfindahl-Hirschman Index (HHI) 2014 
  2014 Weighted HHI   
Material PSAV GE RQ Polity FS PPI DA Average 
Rare Earth Oxide 0.38 0.31 0.38 0.62 0.47 0.58 0.00 0.39 
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Terbium 0.38 0.31 0.38 0.62 0.47 0.58 0.00 0.39 
Tungsten 0.36 0.29 0.36 0.58 0.44 0.54 0.00 0.37 
Niobium 0.32 0.46 0.39 0.08 0.36 0.54 0.29 0.35 
Germanium 0.34 0.29 0.34 0.51 0.40 0.48 0.06 0.35 
Antimony 0.33 0.27 0.33 0.53 0.41 0.50 0.00 0.34 
Magnesium 0.26 0.22 0.26 0.42 0.33 0.40 0.00 0.27 
Silicon 0.23 0.19 0.23 0.37 0.28 0.35 0.01 0.24 
Tantalum 0.16 0.18 0.14 0.19 0.25 0.30 0.12 0.19 
Cobalt 0.26 0.26 0.21 0.08 0.26 0.20 0.06 0.19 
Lead 0.08 0.07 0.08 0.33 0.25 0.31 0.01 0.16 
Indium 0.15 0.12 0.15 0.23 0.18 0.25 0.01 0.16 
Chromium 0.15 0.16 0.15 0.06 0.18 0.19 0.15 0.15 
Palladium 0.16 0.15 0.15 0.06 0.17 0.19 0.08 0.14 
Tellurium 0.12 0.26 0.10 0.05 0.13 0.17 0.08 0.13 
Beryllium 0.16 0.09 0.12 0.00 0.13 0.23 0.15 0.13 
Platinum 0.11 0.19 0.10 0.02 0.14 0.16 0.12 0.12 
Gallium 0.07 0.08 0.05 0.05 0.07 0.24 0.05 0.09 
Rhenium 0.09 0.07 0.04 0.01 0.08 0.09 0.08 0.07 
Nickel 0.07 0.07 0.06 0.04 0.07 0.09 0.05 0.07 
Manganese 0.06 0.06 0.06 0.04 0.07 0.09 0.04 0.06 
Lithium 0.05 0.05 0.03 0.02 0.05 0.09 0.06 0.05 
 
Based on these rankings, some materials such the rare earth oxides and niobium are amongst the 
most concerning with regards to the materials of importance that were studied, while, materials 
such as nickel and manganese were the least concerning. The reasoning for this is that rare earth 
oxides are produced mainly by one country, China, and based on Chinese scores which tend to 
be more concerning for material criticality, the rare earth oxides show great concern. The same 
reasoning can also be applied to terbium and tungsten. Niobium for example, is also mainly 
produced by one single country, mainly Brazil, and due to Brazil’s internal socio-political 
conflicts, Niobium is highly ranked based on the average scores of all the weighted indicators 
showing that niobium is potentially highly critical.  
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The original HHI calculations, while taking into account the concentration of production of 
materials did not take into account the socio-political strife in each country. Therefore, the 
weighted indicators are averaged to make a comparison with the HHI in Table 11. From Table 
11, there are a few notable differences in material rankings. In the weighted HHI, Germanium is 
at the top of material concern due to its high ranking versus being in the upper middle of concern 
with the original HHI. With the weighted HHI, beryllium is ranked fairly low on the criticality 
concern list whereas it was ranked fairly with the original HHI. This occurs because the weighted 
HHI takes into account the socio-political risk as well as the market concentration for that 
material and due to the United States being the majority producer of beryllium, beryllium 
receives scores from the different indicators that indicate that it is not a very concerning material 
when looking at socio-political strife.  
Additionally, many of the other materials including the rare earth oxides fall in similar rankings 
and give similar concerns to the original HHI. Where these results are most useful then is in 
determining material criticality where there are large differences in market concentration or 
socio-political risk because they take into account both the market and socio-political risks 
associated with countries that produce these materials.  
Table 11. Herfindahl Hirschman Index (HHI) and Socio-Political Stability Weighted 










Terbium 0.73 0.39 
Tungsten 0.68 0.37 
Germanium 0.59 0.35 
Niobium 0.81 0.35 
Antimony 0.63 0.34 
Magnesium 0.51 0.27 
Silicon 0.44 0.24 
Cobalt 0.28 0.19 
Tantalum 0.32 0.19 
Indium 0.32 0.16 
Lead 0.41 0.16 
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Chromium 0.33 0.15 
Palladium 0.29 0.14 
Beryllium 0.81 0.13 
Tellurium 0.41 0.13 
Platinum 0.35 0.12 
Gallium 0.25 0.09 
Nickel 0.11 0.07 
Rhenium 0.33 0.07 
Manganese 0.16 0.06 
Lithium 0.29 0.05 
 
Cobalt and Nickel   
Cobalt 
Cobalt is one of the materials that varies substantially in its rankings between the weighted 
HHI’s; from .06 to .26 when looking at the range of indicators. Much of cobalt is produced in the 
Democratic Republic of Congo (Congo). Thus, the Congo is the major leader of cobalt’s 
rankings regarding each individual indicator as the indicator scores are country specific. An 
analysis of cobalt and all the separate indicators can be performed to gauge what kind of effect 
each indicator has on individual materials.  
In addition to the weighted scores, raw indicator scores are studied. When looking at Polity, the 
Congo receives a score of 5, indicating that the system of authority in the Congo is 
democratically leaning. Since such a large share of the production of cobalt comes from the 
Congo, the positive 5 score that it receives on the polity indicator will have a larger effect on the 
overall composite score when compared to all other countries that produce cobalt. The next 
highest country production comes from China which receives a score of -7 from polity indicating 
an authority system that leans towards autocracy. However, at about .06% (U. S. G. Survey., 
2015) of total cobalt production, China’s -7 score does not add much weight towards cobalt’s 
overall ranking for Polity. This is also the case for the rest of the countries that produce cobalt 
whereby the aggregation of the positive weighted HHI scores and the aggregation of the negative 
HHI scores gives cobalt a middle of the road ranking for this indicator.  
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For the Fragile States Index (FS), cobalt also falls in the middle of the overall rank ordering of 
materials. The Congo is again the leading country by which the overall cobalt weighted HHI is 
decided. The Congo has a high FS score due to extreme economic, political, and social issues 
indicating that its potential to collapse may be imminent. This is in part what pushes cobalt 
towards criticality. However, some cobalt production does come from countries that are not 
considered to be close to collapse such as Australia and Canada among others. Overall, while the 
majority of cobalt production comes from unstable countries, some production does come from 
stable countries; enough so that some mitigation occurs and cobalt’s potential for concern falls 
below many other materials.  
For the world governance indicators, cobalt is one of the most concerning materials. For PSAV, 
the politically motivated violence in the Congo will push cobalt towards being a material of 
concern. Additionally, countries such as the Philippines and China further push the weighted 
HHI score down as they both receive negative PSAV scores and make cobalt the most 
concerning material in the PSAV rankings. The same reasoning will follow for RQ and GE 
weighted scores of cobalt. Since these three indicators are part of the WGI initiative, their 
methodologies will be very similar and some of the same reasoning that gives countries such as 
the Congo and China negative scores for PSAV will also be giving Congo and China (among 
other countries) negative scores for RQ and GE. For RQ, cobalt again receives highly negative 
scores for the Congo and a number of other countries. These scores show that the ability of the 
government to support private industries through practical laws is weak and this occurs across a 
majority of the countries that produce cobalt. For GE, the majority of the countries that produce 
cobalt including the Congo again receive negative scores on this ranking. Negative scores on GE 
shows that the governments from those countries cobalt comes from are not competent at 
implementing and supporting civil services and laws that are free from extreme political 
pressure.  
Overall, when looking at cobalt and judging supply disruptions due to politically motivated 
violence, regulatory quality, or government effectiveness as described above, cobalt scores 
poorly and its weighted HHI reflects that making it the most concerning material when using 
these three metrics.   
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For DA, cobalt’s weighted HHI scores again fall back down towards the middle of the pack. A 
number of factor’s impact cobalt’s weighted HHI in this case. The Congo is still the driving 
factor for the overall weighted HHI. The development assistance that the Congo receives is 
somewhere in the $82 million range. A number of other countries also receive substantial 
amounts of development assistance although those country’s market shares are not large alone to 
be the main drivers of this weighted HHI. China on the other hand has paid about $65 million 
development assistance back. Therefore, cobalt’s weighted HHI is pulled down and when ranked 
with the rest of the materials, it does not exhibit as high of a concern as some of the other 
materials.  
Lastly, when considering PPI, cobalt’s weighted HHI rises when ranking the materials. PPI 
surveys industry officials in countries where these materials are mined about the state of 
government policies towards mining firms and operations. With the Congo having the largest 
share of cobalt production, cobalt’s weighted HHI exhibits concern because most stakeholders 
perceive the Congo’s mining policies to be restrictive or not conducive towards proper private 
industry investments. While some other countries are perceived to be have better mining 
policies, their share of production of cobalt is not large enough to make the overall supply less 
concerning.  
All in all, cobalt’s weighted HHI is heavily dependent on the Congo and its socio-political 
stability or instability. While there are other countries which garner better scores on some of 
these socio-political indicators, the Congo’s large market share and socio-political instability 
attribute great concern to the stability of cobalt supply when looking at all of the socio-political 
indicators. While there are some other countries that contribute positively in some of the metrics, 
there individual market shares are not enough to bring large scale stability to the cobalt supply.  
Furthermore, as previously discussed, cobalt experienced a significant price shock due to the 
turbulence in the Congo during the late 1970’s and early 1980’s. The resulting metrics that were 
calculated and displayed above should show that price shock if we use country production 
numbers and individual indicator production numbers from the 1970s. To do that, indicators 
were studied to see how far back their data progressed and the development assistance (DA) 
indicator had data points starting the 1960s. Therefore, DA data is taken from 1973 until 1988 
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and using 1978 production data, the weighted HHI is calculated to see if the price shock is seen 
trending in the weighted HHI as well.  
 
Figure 7. Cobalt Supply Shock as seen in the Development Assistance Weighted HHI 
metric compared with Cobalt $/ton (Survey) 
From Figure 7, the weighted HHI lags somewhat behind the price shock that ensued after the 
crises in cobalt. But, as the price shock occurs the weighted HHI does increase indicating that 
cobalt is becoming more critical during that time period. Because of the lag in the weighted HHI 
data when compared to the price shock, some interpretation may be needed when comparisons 
are made and the DA weighted HHI may general lag behind price shocks before it increases. On 
the other hand, it is also possible that material criticality increases at a slower pace because while 
a price shock occurs some companies may be able to get that mineral from other sources 
including recycling, other countries, as well as any stock pile they may have.  
Nickel 
Nickel also has large swings in its weighted HHI score depending on the indicator. Its 
scores can indicate no concern when looking at polity weighted HHI, but a great deal of concern 
when looking at PPI weighted HHI. The driver of these scores is going to be the myriad of 
countries that produce a substantial amount of nickel including Australia, Brazil, Canada, China, 
Indonesia, and Russia among others.  
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The same reasoning can be applied to the raw indicator scores for nickel. For the polity 
indicator, authority systems in Australia and Canada receive a score of 10, indicating full 
democracies. Scores in the rest of the named countries as well as others are in between. When 
taking into account the market shares of each country and the scores that these countries receive 
with regards to polity, the resulting rank of nickel is somewhere towards the middle of the pack. 
When looking at authority systems alone, nickel is only moderately concerning.  
The fragile states indicator however has Nickel as the least concerning material. Because 
many nations have a large market share of nickel there are more opportunities with countries 
who score low on the FS scale to be part of the weighted HHI for Nickel. While some countries 
like Colombia, Cuba, China, and Brazil will bring the score down, other countries like Australia 
and Canada will bring the score up. Overall, when comparing Nickel with other materials, it is 
the least concerning material when worrying about state collapse due to its large supply chain 
and stability of some large producing countries.  
For the WGI indicators, nickel lies somewhere in the middle of the rankings and so is of 
moderate concern. For PSAV, countries such as Russia, Indonesia, China, and Colombia among 
others will have lower indicator scores due to higher instances of politically motivated violence. 
But, with countries like Australia and Canada, the weighted HHI score is increased because those 
countries generally lack widespread politically motivated violence. For RQ and GE, the same 
logic applies. Policies that encourage private investments and the providing of civil services 
occurs to a high degree in some countries and to a low degree in others; because of the balanced 
market share for nickel whereby some countries contribute to a positive weighted HHI and others 
contribute to a negative weighted HHI in about equal amounts, nickel does not show great 
concern when identified through the world governance indicators.  
For DA and PPI weighted HHI, nickel becomes significantly more concerning and in fact 
with PPI weighted HHI it is close to the top after ranking all of the materials. For DA, many 
countries receive development assistance in the hundreds of millions or billions of U.S. dollars 
that would otherwise garner positive scores on some of the other indicators. For countries like 
Australia that do not receive DA, their effect on the weighted HHI is only with regards to market 
share. Therefore, countries that do receive DA have a disproportionate effect on the score of DA 
weighted HHI so that nickel becomes much more concerning when being compared to other 
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minerals in this metric. With PPI, countries including Russia, Indonesia, Madagascar, Colombia, 
and China among others contribute to the low weighted HHI and giving concern for nickel. Even 
in countries that are relatively stable in some of the other metrics, the policies in place that apply 
to mining companies and their actions are not always friendly nor are they conducive to these 
businesses.  
Rare Earth Oxides  
Rare earth oxides, also known as rare earth elements (REE), have gained widespread public 
attention and concern recently due to changes in overall supply and their production 
concentration located in only a few countries; with China being the overwhelming producer. 
REEs are highly demanded and their physical and chemical characteristics make finding 
substitutions hard or unfeasible. REEs are used and demanded in permanent magnets, metal 
alloys, catalysts, polishing powders, phosphors, glass additives, ceramics, and other as shown in 
Table 12 (Hatch, 2012).  
Table 12. Global Estimates of Demand for Total Rare Earth Oxides in 2016 (metric tons) 
(Hatch, 2012) 
 
As previously mentioned, rare earth elements are mainly produced in China with some other 
countries are contributing to production levels. Figure 8 shows yearly production of rare earth 
elements.  
End Use China USA Japan & SE Asia Others Total
Permanent Magnets 28000 2000 4500 1500 36000
Metal Alloys 23000 2000 3000 2000 30000
Catalysts 15500 5500 2500 1500 25000
Polishing Powders 13000 2000 2000 1000 18000
Phosphors 8500 750 2000 750 12000
Glass Additives 7000 1000 1000 1000 10000
Ceramics 4000 2250 2500 1250 10000
Other 5000 8000 4000 2000 19000
Total Demand 104000 23500 21500 11000 160000




Figure 8. Global REO production, shows concentration of production in China (Bleiwas & 
Gambogi, 2013; Joseph Gambogi, 2013; J Gambogi, 2014; Van Gosen et al., 2014) 
Thus, given their importance, rare earth oxides have the highest average indicator score and rank 
high on many of the normalized indicator scores that have been presented. This understanding 
highlights China’s outsized impact on rare earth supply risk. China receives a score of .52 for the 
PSAV normalized indicator, .43 for GE, .52 for RQ, 0 for DA, .79 for PPI, .4 for FS, and .85 for 
Polity. These scores drive the average value of the weighted HHI up and highlight how the 
socio-political risk of the REEs is impacted mostly by the majority producing country, China. 
While other countries and their associated socio-political scores are also indicatory, their small 
production numbers render their effects small.  
3.4 Temporal Variation  
The metrics that were calculated in this study have some ability to show trends over time for 
material supply risk. Each indicator that HHI was weighted with has data points across varying 
years. Some variation across time is present amongst these metrics and amongst the different 
materials. These metrics therefore have potential to inform on temporal variation, though 
interpretation is a key component of doing so. Figure 9 shows the weighted HHI metrics over 






























Figure 9. Beryllium weighted HHI variation over time 
For beryllium, a number of the metrics show increasing scores over time denoting that beryllium 
may be becoming riskier to acquire. For example, scores regarding DA, PPI, and RQ, show an 
increasing concern over time. Fragile States (FS), PSAV, GE, and Polity show decreasing scores 
or constant scores over time, suggesting that supply risk is decreasing.  
An increase in development assistance is likely to convey that the countries which make up 
beryllium production have an increased need for national development. Additional development 
funds may be required when these countries cannot come up with those funds on their own, 
potentially signaling a supply risk. The increase in the policy perception index weighted metric 
and regulatory quality metric also signal an increase in risk for beryllium. The policy perception 
will indicate that policies regarding mining companies are becoming more unfavorable and 
regulatory quality indicates that government regulations promoting the private sector are 
dwindling; signaling higher supply risk for beryllium producing countries.  
Decreasing scores for FS, PSAV, GE, and Polity indicate the potential for smaller supply risk. 
Fragile states measures country’s abilities to fail so when the weighted metric decreases 
countries are presumably becoming more stable. The political stability and government 
effectiveness metrics also suggest that supply risk is decreasing due to less politically motivated 
violence and stronger public services regardless of political pressures. Lastly, a constant low 
score in the polity metric shows a no change in supply risk. 
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Overall, the range of numbers in Figure 9 when looking at the metrics over time may also 
indicate some valuable information about supply risk. Each of the metrics has a range in which 
they reside in over time. For example, the polity score is essentially unchanged at a score of 0 
because of the stability of the United States government and the outsized share of production of 
the United States. Conversely, the polity perception index shows a much higher score varying 
from about .2 to .25 indicating that market concentration or the policy perception index suggest 
more concern for beryllium.  
Thus, these metrics offer some insights on temporal variation and how these metrics can be used 
to understand the supply risk of varied materials. The underlying metrics including market 
concentration and socio-political indicators must be understood as well as the trends over time in 
order to ascertain the potential material supply risk.  
3.5 Financial Risk-Reward Tradeoff  
Lastly, the risk reward tradeoff model presents some interesting insights regarding a number of 
materials. The reward corresponds to the expected return of the different minerals at differing 
levels of risk. Expected return is taken to be a function of ore grade and price, where the higher 
ore grade and the price of the mineral the greater the expected return will be. The risk is 
approximated by the polity metric, whereby countries who score better on polity will have a 
lower risk and vice versa.  
Given a rational decision maker, a risk and reward trade off curve is calculated based on the 
slope of the points that are on the efficient frontier (Figure 10). These points represent the least 
concerning risk reward bundle that can be constructed. The steeper the slope of the line the 
greater the rewards required for additional units of risk.  
Out of these results, the dispersion of risk and reward is likely the most interesting portion of this 
portion of the research. Beryllium has the most dispersed risk reward bundles with the change in 
range of risk being about .025. Similarly, the rewards are also the most dispersed when 
considering range with a difference in range of about .05. The wide range of risk and reward 
points may be disconcerting to decision makers who are looking for some stability in outcomes. 
Figures 10,11, and 12 show these risk reward scenarios with the optimal scenario being where 




































Efficient Frontier Risk Reward Tradeoff
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Tungsten was second with risk and reward dispersion. Tungsten’s difference in dispersion for 
risk was about .021 with the reward dispersion being about .051. While the reward dispersion is 
similar to beryllium, tungsten’s risk dispersion is smaller, indicating a potentially safer bet if the 
mining decision centered around tungsten and beryllium alone.  
 































Tungsten Risk Reward Tradeoff
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Lastly, cobalt has the least risk reward dispersion out of the three minerals. Cobalt’s risk 
dispersion stands at approximately .011 while its reward dispersion is approximately .023. These 
results suggest that cobalt is the most predictable out of the three minerals, and amongst these 
choices would offer the safest bet for a rational decision maker.  
 
Figure 12. Cobalt Risk Reward Tradeoff 
Consequently, depending on the goals of the decision maker, each of the three minerals may 
have some risk reward bundle that is appealing. Out of the three however, cobalt appears to be 
the most predictable and thus the safest choices when considering potential variation in risk 
reward mining while beryllium appears to be the least.  
Lastly, a risk reward tradeoff line is plotted for all three of the minerals (Figure 13). Tungsten’s 
risk reward tradeoff line has the steepest slope, indicating the most concern if a decision maker is 
looking to mine tungsten. The countries that make up tungsten production have high socio-
political instability which is represented by undesirable socio-political instability scores as well 






















Coblat Risk Reward Tradeoff
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Beryllium’s risk reward tradeoff line has the next steepest slope. While the majority of Beryllium 
is mined in the United States, a stable country by socio-political standards, the resulting limit in 
market availability gives it a high market concentration nonetheless. As a result, based on this 
model, beryllium should be a material of concern to a decision maker who needs to mine it.  
Lastly, cobalt’s risk reward tradeoff line has the lowest slope amongst the three. While a 
majority of cobalt is mined in the Congo which is considered to be socio-politically unstable 
when looking at all of the indicators, there are ten or so other countries that combined, have a 
large market share of cobalt production. As a result and based on this model, cobalt is the least 
concerning material amongst the three due to its wide availability.   
 





























The socio-political and financial risk inherent in many of the countries that critical materials are 
mined from are many. The analysis of this risk and its quantification and use in modern mining 
can help to alleviate some of the supply risk that many companies face in acquiring these 
minerals.  
3.6.1 Socio-Political Indicators and Market Concentration 
In order better understand supply risk of critical materials, market concentration and a number of 
socio-political indicators are studied in order to craft metrics which can be used to better 
understand supply risk. The socio-political indicators of supply risk used in this study fall under 
three broad categories of governance and risk. These categories include: 
1) The ability for the government to provide public and private services and to protect the rights 
of citizens and legal entities within that country.  
2) The ability of the people of that country to choose their government and the representatives of 
that government.  
3) The potential for a nation to collapse due varying circumstances and reasons.  
These categories were chosen because they cover a broad range of potential supply risk caused 
by social and political issues.  
Market concentration was also chosen to study in conjunction with socio-political supply risk 
due to the implications of a concentrated market. Concentrated market concentration as 
described by the Herfindahl-Hirschman index are more prone to supply risk and overall 
instability for stakeholders who are seeking critical materials.  
Materials of importance were chosen based on the Department of energy, defense logistics 
agency, and the European Union placings on lists of materials or deeming these minerals critical.  
Results suggested that China and Russia are amongst the top producers of critical materials and 
their scores on the socio-political indicators did not fare well. Countries who require materials 
from these nations are going to face large supply risk and an uncertain supply chain.  
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When calculating the composite HHI and Socio-Political metrics, the rare Earth elements, 
Terbium, and Tungsten were amongst the most concerning. This result is due to their main 
producers, China and Russia among others who score relatively poorly on these metrics 
indicating a large supply risk. 
Cobalt and nickel as well as the rare earth were used as case studies to better understand the 
metrics and material criticality. All three elements are still considered critical with the rare 
earth’s being the most critical, then cobalt, and then nickel being the least critical. An important 
insight is that the countries that have majority production of these minerals significantly impact 
their socio-political supply risk.  
Additionally, temporal variation conveys understandings to those looking at long term trends for 
critical materials. Understanding the underlying indicators as well as the composite metrics 
allows interested stakeholders to make judgements on which materials are trending towards more 
risk and which are unchanged or trending towards less risk. Beryllium’s temporal variation 
shows a material which is likely not to be changing its criticality rank in the near future, barring 
any unexpected crises.  
3.6.2 Financial Risk Reward 
The financial risk reward model is created in order to understand some of the financial risk and 
reward tradeoffs that interested holders may have to make.  
Understanding the results will better communicate the risks of each of the materials studied. The 
important take away for this model is the spread of risk and its range for each of the materials as 
well as the spread of the reward and its range.  
Beryllium has some of the largest swings in risk and reward, with tungsten being the second 
most volatile, and cobalt being the least. Depending on the goals of the decision maker, cobalt 
may be the safest mineral to attempt to acquire even a large portion of its production comes from 
the Congo.  
A tradeoff line is then calculated to show what the preferred bundles given a risk and reward 
level for each of the chosen minerals. Steeper lines indicate a potential for higher risk while less 
steep lines indicate the opposite.  
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3.6.3 Recommendations for Future Work  
The work undertaken here can be furthered through a number of different paths.  
Future work could compare the companies and other interested stakeholders and analyze who 
they are acquiring these materials from. Interesting conclusions may arise if these companies are 
fitting the mold that these models predict or not fitting that mold. For example, those materials 
that have greater supply risk may give stakeholders more incentives to recycle or to look 
elsewhere for their acquisition. They may also give stakeholders incentives to perform further 
research and find suitable substitutes with less overall supply risk.  
Additionally, future work may also be interested in establishing their own base indicators 
whereby the underlying surveys and assessments and who is responding is public knowledge. 
Currently, it is difficult to know who exactly was answering the surveys that each organization 
was using to create the individual indicators such as the policy perception index as well as the 
other indicators.  
Future work could also statistically compare these metrics amongst one another to see whether 
all of the metrics are necessary or if one or more consists of most of the confounding factors.  
Lastly, an important extension could be further study on the temporal variation for materials of 
concerns whereby new predictions can be made on which materials are critical, will become 
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APPENDIX A. Socio-Political Indicator calculations and data points  
PSAV Weighted HHI 
Production of each mineral from their respective countries and the PSAV raw estimates are 






















Table 13. PSAV Raw Scores 
 
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.02 -0.18 0.05 -0.86 -0.38 -0.57 -0.01 0.02 0.12 -0.07 -0.24 -0.09 0.14 0.08 0.06 -0.01 -0.07
Armenia -0.52 -0.76 -0.80 -0.36 0.21 -0.12 -0.06 -0.28 0.11 -0.02 0.23 0.03 -0.09 0.11 0.07 -0.30 -0.29
Austria 1.33 1.07 0.79 1.28 0.95 1.07 1.10 1.08 1.28 1.34 1.17 1.12 1.18 1.32 1.34 1.26 1.19
Australia 1.33 1.01 1.26 1.11 0.85 0.92 0.88 0.92 0.93 0.95 0.83 0.87 0.93 1.00 1.02 1.02 0.90
Belgium 1.21 0.97 1.05 1.17 0.84 0.70 0.78 0.85 0.77 0.62 0.79 0.78 0.93 0.90 0.92 0.71 0.60
Bhutan 0.62 0.44 0.41 0.60 0.91 1.17 1.30 1.31 0.62 0.75 0.82 0.77 0.86 0.81 0.80 1.08 1.10
Bolivia -0.25 -0.29 -0.31 -0.39 -0.86 -0.69 -0.98 -0.82 -0.84 -0.71 -0.53 -0.44 -0.44 -0.50 -0.35 -0.35 -0.28
Brazil -0.25 -0.37 0.18 0.29 0.00 -0.28 -0.23 -0.28 -0.38 -0.29 0.16 0.01 -0.14 0.05 -0.28 -0.10 -0.38
Myanmmar -1.35 -1.56 -1.72 -1.48 -1.20 -1.01 -0.96 -0.88 -1.09 -1.11 -1.28 -1.28 -1.11 -0.95 -1.15 -1.10 -1.17
Burundi -2.24 -2.43 -2.15 -2.39 -2.31 -2.51 -1.51 -1.40 -1.32 -1.63 -1.27 -1.60 -1.78 -1.69 -1.30 -0.80 -1.73
Canada 1.16 0.90 1.10 1.14 1.03 0.85 0.79 0.99 0.97 1.01 1.10 0.90 1.06 1.09 1.03 1.16 1.24
Chile 0.62 -0.02 0.43 1.00 0.75 0.68 0.85 0.58 0.40 0.41 0.59 0.67 0.46 0.34 0.37 0.46 0.40
China -0.17 -0.44 -0.27 -0.36 -0.57 -0.36 -0.48 -0.54 -0.49 -0.48 -0.43 -0.66 -0.61 -0.55 -0.55 -0.53 -0.56
Colombia -1.60 -1.77 -1.61 -1.98 -2.39 -2.19 -2.04 -1.86 -1.79 -1.84 -1.83 -1.53 -1.27 -1.40 -1.27 -1.12 -1.06
Congo, Dem. Rep. -2.83 -2.99 -2.59 -2.10 -2.08 -2.39 -2.17 -2.27 -2.21 -2.03 -1.99 -2.23 -2.24 -2.14 -2.23 -2.20 -2.17
Cuba 0.16 -0.07 0.15 0.19 0.27 0.34 0.40 0.44 0.42 0.50 0.34 0.33 0.29 0.32 0.37 0.51 0.58
Ethiopia -1.10 -0.72 -1.01 -1.28 -1.43 -1.27 -1.66 -1.71 -1.76 -1.71 -1.62 -1.62 -1.50 -1.54 -1.39 -1.32 -1.48
France 0.82 0.67 0.74 0.85 0.18 0.34 0.38 0.57 0.55 0.53 0.47 0.67 0.59 0.55 0.42 0.31 0.27
Gabon -0.03 0.18 0.50 0.31 0.25 0.38 0.31 0.18 0.27 0.24 0.12 0.30 0.39 0.31 0.34 0.17 0.03
Germany 1.21 1.17 1.32 1.02 0.55 0.63 0.87 1.00 0.99 0.93 0.83 0.78 0.84 0.77 0.93 0.92 0.72
Ghana -0.32 -0.24 -0.44 -0.24 -0.02 0.01 0.18 0.02 -0.06 -0.01 0.04 0.02 0.16 0.11 0.02 -0.13 0.03
Greece 0.45 0.65 0.71 0.79 0.47 0.46 0.51 0.64 0.53 0.28 -0.22 -0.13 -0.10 -0.22 -0.20 -0.13 -0.23
Iceland 1.25 1.30 1.50 1.54 1.51 1.44 1.45 1.44 1.49 1.22 1.18 1.01 1.23 1.22 1.26 1.22 1.27
India -0.91 -1.14 -0.99 -1.24 -1.53 -1.22 -0.99 -1.06 -1.15 -1.10 -1.33 -1.23 -1.30 -1.25 -1.19 -0.98 -0.92
Indonesia -1.18 -1.77 -2.04 -1.62 -2.12 -1.87 -1.48 -1.40 -1.20 -1.09 -0.76 -0.85 -0.77 -0.58 -0.50 -0.41 -0.60
Ireland 1.28 1.44 1.50 1.42 1.33 1.17 1.29 1.14 1.16 1.15 1.02 0.98 0.93 0.92 0.88 1.05 0.93
Japan 1.11 1.19 1.13 1.11 1.00 0.99 0.99 1.09 0.96 0.84 0.94 0.85 0.98 0.92 0.98 0.95 0.98
Kazakhstan -0.52 0.05 0.01 0.29 0.32 0.06 0.18 0.20 0.58 0.57 0.75 0.45 -0.32 -0.38 -0.38 0.01 -0.10
Madagascar 0.11 0.09 0.04 -0.29 0.59 0.20 -0.05 0.13 0.03 -0.49 -0.75 -1.05 -0.76 -0.58 -0.71 -0.57 -0.40
Malaysia 0.47 -0.13 0.04 0.46 0.46 0.31 0.55 0.26 0.17 0.08 -0.07 0.12 0.08 -0.01 0.05 0.24 0.19
Mexico -0.97 -0.49 -0.23 -0.10 -0.14 -0.22 -0.44 -0.64 -0.73 -0.80 -0.70 -0.74 -0.68 -0.68 -0.74 -0.85 -0.87
Mozambique -0.11 0.04 -0.15 0.12 0.21 -0.03 0.12 0.49 0.30 0.34 0.59 0.34 0.30 0.34 -0.27 -0.37 -0.58
New Caledonia - - - - - - -0.17 -0.19 -0.20 -0.17 - -0.19 -0.18 - - - -
Nigeria -1.17 -0.69 -1.52 -1.70 -1.65 -1.72 -1.65 -2.04 -2.01 -1.86 -1.95 -2.19 -1.95 -2.06 -2.08 -2.13 -2.07
Korea, Dem. Rep. -0.51 -0.45 0.03 0.20 0.21 0.16 -0.04 -0.08 0.50 0.54 -0.03 -0.38 -0.32 -0.11 -0.53 -1.18 -1.22
Norway 1.38 1.36 1.45 1.52 1.18 1.18 1.28 1.21 1.13 1.25 1.24 1.31 1.33 1.31 1.33 1.11 1.15
Peru -1.09 -0.60 -1.10 -1.05 -1.20 -1.00 -0.98 -0.85 -0.76 -0.90 -1.18 -0.98 -0.74 -0.87 -0.77 -0.55 -0.51
Phillipines -0.48 -0.30 -1.41 -0.91 -1.58 -1.68 -1.22 -1.65 -1.63 -1.77 -1.71 -1.63 -1.38 -1.16 -1.06 -0.72 -0.84
Poland 0.72 0.74 0.22 0.65 0.54 0.11 0.34 0.33 0.64 0.86 0.90 0.99 1.06 1.03 0.95 0.85 0.87
Portugal 1.22 1.31 1.34 1.36 1.27 0.95 1.02 0.92 0.78 0.97 0.76 0.70 0.72 0.76 0.74 0.80 0.87
Russian Federation -1.23 -1.12 -1.42 -0.77 -1.20 -1.46 -1.25 -0.91 -0.86 -0.76 -0.95 -0.91 -0.99 -0.83 -0.75 -0.94 -1.05
Rwanda -1.95 -2.15 -1.81 -1.78 -1.16 -1.17 -0.97 -0.68 -0.31 -0.30 -0.47 -0.20 -0.14 -0.20 -0.08 -0.27 -0.08
Slovakia 0.81 1.08 0.57 0.85 0.91 0.54 0.85 0.76 1.01 1.07 0.88 1.02 0.96 1.07 1.10 1.01 0.96
South Africa -0.43 -0.58 -0.25 -0.32 -0.33 -0.12 -0.15 0.05 0.20 0.04 -0.11 -0.02 0.03 -0.02 -0.06 -0.13 -0.18
Korea, Rep -0.51 -0.45 0.03 0.20 0.21 0.16 -0.04 -0.08 0.50 0.54 -0.03 -0.38 -0.32 -0.11 -0.53 -1.18 -1.22
Spain 0.16 0.09 0.42 0.39 -0.04 -0.04 0.18 -0.19 -0.31 -0.40 -0.47 -0.29 0.04 -0.01 0.01 0.26 0.29
Sri Lanka -1.80 -1.52 -1.93 -0.85 -0.88 -1.06 -1.19 -1.43 -1.74 -1.80 -1.35 -0.92 -0.70 -0.70 -0.61 -0.33 -0.03
Sweden 1.38 1.32 1.32 1.39 1.32 1.33 1.30 1.26 1.25 1.11 1.06 1.09 1.23 1.16 1.13 1.06 0.97
Tajikistan -2.24 -1.98 -1.79 -1.12 -1.15 -1.29 -1.37 -1.38 -0.75 -0.81 -1.00 -0.97 -1.00 -1.17 -1.14 -0.69 -0.87
Thailand 0.40 0.54 0.38 0.44 -0.15 -0.69 -0.85 -1.14 -1.15 -1.28 -1.42 -1.43 -1.12 -1.21 -1.32 -0.91 -0.96
Turkey -1.27 -1.30 -0.85 -0.87 -0.81 -0.84 -0.60 -0.60 -0.82 -0.85 -1.03 -0.92 -0.96 -1.19 -1.19 -1.07 -1.28
United Kingdom 0.92 0.88 0.98 0.60 0.25 0.15 0.09 0.64 0.56 0.46 0.11 0.40 0.35 0.41 0.48 0.43 0.56
Ukraine -0.27 -0.25 -0.50 -0.38 -0.40 -0.48 -0.27 -0.03 0.15 0.03 -0.31 -0.02 -0.08 -0.10 -0.76 -1.99 -1.93
United States 0.87 0.82 1.01 0.21 0.05 -0.20 -0.09 0.49 0.37 0.56 0.43 0.44 0.60 0.63 0.61 0.58 0.70
Venezuela, RB -0.62 -0.58 -0.81 -1.38 -1.32 -1.39 -1.22 -1.23 -1.21 -1.30 -1.27 -1.24 -1.09 -1.00 -1.08 -0.87 -1.01
Vietnam 0.41 0.23 0.31 0.28 0.10 0.14 0.46 0.37 0.21 0.14 0.24 0.11 0.17 0.24 0.22 -0.05 0.01
Zambia -0.23 0.09 -0.05 -0.35 0.17 0.15 0.07 0.36 0.34 0.46 0.53 0.46 0.47 0.61 0.39 0.15 0.09
















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries




Table 15. PSAV Weighted HHI 
 
 
Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 -0.11 -0.28 -0.18 -0.23 -0.36 -0.23 -0.30 -0.34 -0.31 -0.30 -0.27 -0.41 -0.38 -0.35 -0.34 -0.34 -0.35
Beryllium
0.81 0.70 0.66 0.82 0.16 0.04 -0.16 -0.07 0.39 0.30 0.45 0.34 0.35 0.48 0.51 0.49 0.46 0.56
Chromium
0.33 -0.12 -0.15 -0.06 -0.07 -0.08 -0.03 -0.03 0.03 0.07 0.03 -0.01 0.01 0.01 -0.01 -0.02 -0.03 -0.04
Cobalt
0.28 -0.69 -0.74 -0.63 -0.51 -0.51 -0.59 -0.53 -0.56 -0.54 -0.49 -0.49 -0.55 -0.55 -0.52 -0.54 -0.54 -0.53
Gallium
0.25 0.22 0.20 0.23 0.16 0.08 0.09 0.11 0.16 0.15 0.14 0.11 0.11 0.11 0.11 0.14 0.13 0.12
Germanium
0.59 -0.03 -0.17 -0.09 -0.13 -0.24 -0.13 -0.20 -0.23 -0.20 -0.20 -0.17 -0.29 -0.26 -0.24 -0.23 -0.23 -0.24
Indium
0.32 -0.04 -0.11 -0.05 -0.07 -0.13 -0.08 -0.11 -0.13 -0.10 -0.09 -0.10 -0.17 -0.15 -0.13 -0.14 -0.16 -0.17
Lead
0.41 0.02 0.09 0.02 0.04 0.07 0.02 0.03 -0.01 -0.03 -0.01 0.02 0.00 -0.01 0.00 0.01 0.02 0.03
Lithium
0.29 0.25 0.12 0.22 0.26 0.20 0.20 0.22 0.19 0.17 0.17 0.18 0.19 0.17 0.17 0.17 0.18 0.16
Magnesium
0.51 -0.09 -0.22 -0.14 -0.18 -0.28 -0.18 -0.24 -0.27 -0.25 -0.24 -0.22 -0.33 -0.30 -0.28 -0.27 -0.27 -0.28
Manganese
0.16 0.00 -0.03 0.02 0.00 -0.02 0.01 0.00 0.01 0.03 0.02 0.00 0.01 0.01 0.01 0.01 0.00 -0.01
Rare Earth Oxide
0.73 -0.12 -0.31 -0.20 -0.26 -0.41 -0.26 -0.35 -0.39 -0.36 -0.35 -0.31 -0.48 -0.44 -0.40 -0.39 -0.39 -0.40
Graphite
0.48 -0.10 -0.22 -0.14 -0.19 -0.29 -0.19 -0.24 -0.27 -0.25 -0.24 -0.22 -0.32 -0.30 -0.27 -0.27 -0.26 -0.27
Nickel
0.11 0.01 0.01 -0.03 0.00 -0.04 -0.04 -0.02 -0.03 -0.03 -0.03 -0.03 -0.03 -0.02 0.00 0.00 0.01 0.00
Niobium
0.81 -0.19 -0.29 0.15 0.24 0.01 -0.22 -0.18 -0.22 -0.30 -0.23 0.14 0.01 -0.10 0.04 -0.22 -0.07 -0.30
Platinum
0.35 0.00 -0.06 0.03 0.03 0.01 0.04 0.03 0.10 0.13 0.10 0.07 0.07 0.10 0.09 0.08 0.07 0.07
Palladium
0.29 -0.25 -0.25 -0.27 -0.16 -0.24 -0.27 -0.24 -0.15 -0.13 -0.12 -0.17 -0.16 -0.17 -0.14 -0.13 -0.17 -0.19
Rhenium
0.33 0.17 0.00 0.12 0.28 0.19 0.16 0.22 0.16 0.11 0.12 0.17 0.19 0.13 0.10 0.11 0.13 0.11
Silicon
0.44 -0.07 -0.19 -0.12 -0.15 -0.25 -0.16 -0.21 -0.23 -0.21 -0.20 -0.18 -0.28 -0.26 -0.23 -0.23 -0.23 -0.24
Tantalum
0.32 -0.62 -0.68 -0.57 -0.55 -0.38 -0.40 -0.34 -0.26 -0.16 -0.15 -0.19 -0.13 -0.11 -0.13 -0.10 -0.15 -0.10
Tellurium
0.41 0.06 0.02 0.01 0.13 0.03 -0.06 -0.03 0.07 0.08 0.10 0.09 0.05 0.07 0.11 0.11 0.10 0.10
Terbium
0.73 -0.12 -0.31 -0.20 -0.26 -0.41 -0.26 -0.35 -0.39 -0.36 -0.35 -0.31 -0.48 -0.44 -0.40 -0.39 -0.39 -0.40
Tungsten




PSAV Normalized Estimates  
To have the effects of market concentration and socio-political risk complement each other, the 
country estimates are normalized using a minimum and maximum normalization method. Once 
the estimates are normalized, all of the calculations are then performed and presented below.  
Table 16. PSAV Normalized Estimates 
 
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.68 0.63 0.64 0.39 0.52 0.49 0.59 0.62 0.63 0.58 0.54 0.61 0.67 0.64 0.64 0.63 0.61
Armenia 0.55 0.50 0.44 0.52 0.67 0.61 0.58 0.54 0.63 0.60 0.69 0.64 0.60 0.65 0.64 0.55 0.55
Austria 0.99 0.92 0.83 0.93 0.86 0.91 0.90 0.90 0.94 1.00 0.98 0.95 0.96 1.00 1.00 1.00 0.98
Australia 0.99 0.90 0.94 0.89 0.83 0.87 0.84 0.86 0.85 0.88 0.87 0.88 0.89 0.91 0.91 0.93 0.89
Belgium 0.96 0.90 0.89 0.91 0.83 0.81 0.81 0.84 0.80 0.79 0.86 0.85 0.89 0.88 0.88 0.84 0.81
Bhutan 0.82 0.78 0.73 0.76 0.85 0.93 0.96 0.96 0.77 0.83 0.87 0.85 0.87 0.85 0.85 0.95 0.95
Bolivia 0.61 0.61 0.56 0.51 0.39 0.46 0.33 0.39 0.37 0.39 0.45 0.50 0.50 0.47 0.53 0.53 0.55
Brazil 0.61 0.59 0.68 0.68 0.61 0.57 0.53 0.54 0.50 0.52 0.67 0.63 0.59 0.63 0.55 0.61 0.52
Myanmmar 0.35 0.32 0.21 0.23 0.30 0.38 0.33 0.37 0.30 0.27 0.22 0.27 0.32 0.34 0.30 0.32 0.29
Burundi 0.14 0.13 0.11 0.00 0.02 0.00 0.18 0.24 0.24 0.12 0.22 0.18 0.13 0.13 0.26 0.40 0.13
Canada 0.95 0.88 0.90 0.90 0.88 0.85 0.82 0.88 0.86 0.90 0.95 0.89 0.93 0.93 0.91 0.97 0.99
Chile 0.82 0.67 0.74 0.86 0.80 0.81 0.83 0.77 0.71 0.73 0.80 0.82 0.76 0.72 0.73 0.77 0.75
China 0.63 0.58 0.57 0.52 0.47 0.54 0.47 0.47 0.46 0.46 0.48 0.44 0.46 0.46 0.47 0.48 0.47
Colombia 0.29 0.28 0.24 0.10 0.00 0.08 0.04 0.11 0.11 0.06 0.05 0.20 0.27 0.21 0.27 0.31 0.32
Congo, Dem. Rep. 0.00 0.00 0.00 0.07 0.08 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cuba 0.71 0.66 0.67 0.65 0.68 0.72 0.71 0.73 0.71 0.75 0.72 0.72 0.71 0.71 0.73 0.78 0.80
Ethiopia 0.41 0.51 0.39 0.28 0.25 0.32 0.14 0.15 0.12 0.10 0.11 0.17 0.21 0.17 0.23 0.25 0.20
France 0.87 0.83 0.81 0.82 0.66 0.72 0.70 0.76 0.75 0.76 0.76 0.82 0.79 0.78 0.74 0.72 0.71
Gabon 0.67 0.72 0.76 0.69 0.68 0.73 0.69 0.66 0.67 0.67 0.65 0.71 0.74 0.71 0.72 0.68 0.64
Germany 0.96 0.94 0.96 0.87 0.75 0.80 0.84 0.88 0.86 0.88 0.87 0.85 0.86 0.84 0.88 0.90 0.84
Ghana 0.60 0.62 0.53 0.55 0.61 0.64 0.65 0.62 0.58 0.60 0.63 0.64 0.67 0.65 0.63 0.60 0.64
Greece 0.78 0.82 0.81 0.81 0.73 0.75 0.74 0.78 0.74 0.68 0.55 0.59 0.60 0.55 0.57 0.60 0.57
Iceland 0.97 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.98 0.92 0.97 0.97 0.98 0.99 1.00
India 0.46 0.42 0.39 0.29 0.22 0.33 0.33 0.33 0.29 0.28 0.20 0.28 0.26 0.26 0.29 0.35 0.36
Indonesia 0.39 0.28 0.13 0.20 0.07 0.16 0.19 0.23 0.27 0.28 0.38 0.39 0.41 0.45 0.48 0.52 0.46
Ireland 0.98 1.00 1.00 0.97 0.95 0.93 0.95 0.92 0.91 0.94 0.93 0.91 0.89 0.88 0.87 0.94 0.90
Japan 0.94 0.94 0.91 0.89 0.87 0.89 0.87 0.90 0.86 0.85 0.90 0.87 0.90 0.88 0.90 0.91 0.92
Kazakhstan 0.55 0.69 0.64 0.68 0.70 0.65 0.65 0.67 0.75 0.77 0.85 0.76 0.54 0.51 0.52 0.64 0.60
Madagascar 0.70 0.70 0.64 0.53 0.76 0.69 0.58 0.65 0.60 0.46 0.38 0.33 0.42 0.45 0.42 0.47 0.51
Malaysia 0.79 0.65 0.64 0.72 0.73 0.72 0.75 0.68 0.64 0.63 0.59 0.66 0.65 0.62 0.64 0.70 0.69
Mexico 0.44 0.57 0.58 0.58 0.58 0.58 0.48 0.44 0.40 0.36 0.40 0.42 0.44 0.42 0.42 0.39 0.38
Mozambique 0.65 0.68 0.60 0.64 0.67 0.63 0.63 0.74 0.68 0.70 0.80 0.73 0.71 0.72 0.55 0.53 0.46
New Caledonia 0.55 0.56 0.54 0.55 0.58 0.58
Nigeria 0.39 0.52 0.26 0.18 0.19 0.20 0.14 0.06 0.05 0.05 0.01 0.01 0.08 0.02 0.04 0.02 0.03
Korea, Dem. Rep. 0.55 0.57 0.64 0.66 0.67 0.68 0.59 0.59 0.73 0.76 0.60 0.52 0.54 0.58 0.48 0.29 0.28
Norway 1.00 0.98 0.99 0.99 0.92 0.93 0.95 0.94 0.90 0.97 1.00 1.00 1.00 1.00 1.00 0.96 0.97
Peru 0.41 0.54 0.36 0.34 0.31 0.38 0.33 0.38 0.39 0.34 0.25 0.35 0.42 0.37 0.41 0.48 0.48
Phillipines 0.56 0.61 0.29 0.38 0.21 0.21 0.26 0.17 0.16 0.08 0.08 0.17 0.24 0.28 0.33 0.43 0.39
Poland 0.84 0.84 0.69 0.77 0.75 0.66 0.69 0.70 0.77 0.86 0.90 0.91 0.92 0.91 0.89 0.88 0.89
Portugal 0.96 0.97 0.96 0.95 0.94 0.88 0.88 0.86 0.81 0.89 0.85 0.83 0.83 0.84 0.83 0.87 0.89
Russian Federation 0.38 0.42 0.29 0.41 0.31 0.27 0.25 0.37 0.37 0.38 0.32 0.37 0.35 0.38 0.41 0.36 0.33
Rwanda 0.21 0.19 0.19 0.15 0.32 0.34 0.33 0.43 0.51 0.51 0.47 0.57 0.59 0.56 0.60 0.56 0.61
Slovakia 0.86 0.92 0.77 0.82 0.85 0.77 0.83 0.82 0.87 0.92 0.89 0.92 0.90 0.93 0.93 0.93 0.91
South Africa 0.57 0.55 0.57 0.53 0.53 0.60 0.56 0.63 0.65 0.62 0.58 0.62 0.64 0.61 0.61 0.60 0.58
KOREA, REP. 0.80 0.77 0.71 0.65 0.67 0.74 0.72 0.71 0.74 0.72 0.73 0.71 0.74 0.69 0.69 0.66 0.66
Spain 0.71 0.70 0.74 0.71 0.60 0.63 0.65 0.56 0.52 0.48 0.47 0.55 0.64 0.61 0.63 0.71 0.72
Sri Lanka 0.24 0.33 0.16 0.39 0.39 0.37 0.27 0.23 0.13 0.07 0.20 0.37 0.43 0.41 0.45 0.54 0.62
Sweden 1.00 0.97 0.96 0.96 0.95 0.97 0.96 0.95 0.93 0.93 0.94 0.94 0.97 0.95 0.94 0.94 0.91
Tajikistan 0.14 0.23 0.20 0.32 0.32 0.31 0.22 0.24 0.39 0.36 0.31 0.35 0.35 0.28 0.31 0.43 0.38
Thailand 0.77 0.80 0.73 0.72 0.57 0.46 0.36 0.30 0.29 0.22 0.18 0.23 0.31 0.27 0.25 0.37 0.35
Turkey 0.37 0.38 0.43 0.39 0.41 0.42 0.43 0.45 0.38 0.35 0.30 0.37 0.36 0.27 0.29 0.33 0.26
United Kingdom 0.89 0.87 0.87 0.76 0.68 0.67 0.62 0.78 0.75 0.74 0.65 0.74 0.73 0.74 0.76 0.76 0.79
Ukraine 0.61 0.62 0.51 0.51 0.51 0.51 0.52 0.60 0.64 0.61 0.52 0.62 0.61 0.59 0.41 0.06 0.07
United States 0.88 0.86 0.88 0.66 0.63 0.59 0.57 0.74 0.70 0.77 0.75 0.75 0.80 0.80 0.79 0.80 0.83
Venezuela, RB 0.53 0.54 0.43 0.26 0.27 0.29 0.26 0.28 0.27 0.22 0.22 0.28 0.32 0.33 0.32 0.38 0.34
Vietnam 0.77 0.73 0.71 0.68 0.64 0.67 0.73 0.71 0.66 0.64 0.69 0.66 0.67 0.69 0.69 0.62 0.63
Zambia 0.62 0.70 0.62 0.52 0.66 0.67 0.62 0.71 0.69 0.74 0.78 0.76 0.76 0.79 0.73 0.68 0.66
Zimbabwe 0.55 0.48 0.29 0.20 0.32 0.32 0.26 0.37 0.30 0.25 0.26 0.31 0.36 0.39 0.43 0.44 0.46
1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 1.38 1.44 1.50 1.54 1.51 1.44 1.45 1.44 1.49 1.34 1.24 1.31 1.33 1.32 1.34 1.26 1.27
Minimum -2.83 -2.99 -2.59 -2.39 -2.39 -2.51 -2.17 -2.27 -2.21 -2.03 -1.99 -2.23 -2.24 -2.14 -2.23 -2.20 -2.17
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17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 18. PSAV Weighted HHI with Normalized Estimates 
 
PSAV 1-Normalized Estimates 
Furthermore, by subtracting the country estimates from one, the results have the effects of socio-
political risk and market concentration running in the same direction. A high score is considered 
to be risky while a lower overall score is considered to be less risky.  
Production of each mineral from their respective countries is also presented below, with the 
weighted calculations presented afterwards.  
 
 
Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.40 0.36 0.35 0.32 0.29 0.34 0.29 0.29 0.29 0.29 0.30 0.28 0.29 0.29 0.30 0.30 0.29
Beryllium
0.81 0.71 0.70 0.72 0.54 0.51 0.48 0.47 0.60 0.57 0.62 0.61 0.61 0.65 0.65 0.64 0.65 0.68
Chromium
0.33 0.20 0.19 0.20 0.18 0.18 0.21 0.19 0.21 0.22 0.21 0.20 0.21 0.21 0.20 0.20 0.20 0.20
Cobalt
0.28 0.02 0.02 0.02 0.04 0.04 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Gallium
0.25 0.22 0.21 0.21 0.19 0.17 0.18 0.18 0.20 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.20 0.19
Germanium
0.59 0.40 0.37 0.36 0.33 0.31 0.35 0.31 0.31 0.31 0.30 0.32 0.30 0.30 0.30 0.31 0.31 0.31
Indium
0.32 0.21 0.19 0.19 0.17 0.16 0.18 0.16 0.16 0.16 0.16 0.17 0.16 0.16 0.16 0.16 0.17 0.16
Lead
0.41 0.15 0.13 0.14 0.12 0.11 0.14 0.11 0.13 0.13 0.12 0.12 0.12 0.13 0.12 0.12 0.12 0.12
Lithium
0.29 0.25 0.22 0.24 0.24 0.23 0.23 0.23 0.23 0.22 0.22 0.23 0.24 0.23 0.23 0.23 0.24 0.23
Magnesium
0.51 0.32 0.29 0.29 0.26 0.24 0.28 0.24 0.24 0.24 0.23 0.24 0.23 0.23 0.23 0.24 0.24 0.24
Manganese
0.16 0.11 0.10 0.10 0.10 0.09 0.10 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Rare Earth Oxide
0.73 0.46 0.42 0.42 0.38 0.34 0.40 0.34 0.34 0.34 0.34 0.35 0.33 0.34 0.34 0.35 0.35 0.34
Graphite
0.48 0.30 0.27 0.27 0.24 0.22 0.26 0.22 0.22 0.22 0.22 0.23 0.21 0.21 0.21 0.22 0.23 0.22
Nickel
0.11 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.08 0.07
Niobium
0.81 0.50 0.48 0.55 0.56 0.50 0.46 0.44 0.44 0.41 0.42 0.54 0.52 0.48 0.52 0.45 0.50 0.43
Platinum
0.35 0.24 0.23 0.23 0.22 0.22 0.23 0.22 0.24 0.25 0.24 0.24 0.24 0.25 0.25 0.24 0.25 0.24
Palladium
0.29 0.14 0.15 0.12 0.14 0.12 0.12 0.11 0.14 0.14 0.14 0.13 0.14 0.14 0.14 0.15 0.14 0.13
Rhenium
0.33 0.26 0.22 0.24 0.27 0.25 0.25 0.26 0.25 0.23 0.24 0.26 0.26 0.24 0.23 0.24 0.25 0.24
Silicon
0.44 0.28 0.26 0.25 0.23 0.21 0.24 0.21 0.21 0.21 0.21 0.22 0.20 0.20 0.21 0.21 0.21 0.21
Tantalum
0.32 0.07 0.06 0.06 0.05 0.10 0.10 0.10 0.12 0.15 0.15 0.14 0.16 0.17 0.16 0.17 0.16 0.17
Tellurium
0.41 0.29 0.28 0.26 0.28 0.26 0.25 0.24 0.27 0.27 0.28 0.28 0.27 0.28 0.29 0.29 0.29 0.29
Terbium
0.73 0.46 0.42 0.42 0.38 0.34 0.40 0.34 0.34 0.34 0.34 0.35 0.33 0.34 0.34 0.35 0.35 0.34
Tungsten









Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.32 0.37 0.36 0.61 0.48 0.51 0.41 0.38 0.37 0.42 0.46 0.39 0.33 0.36 0.36 0.37 0.39
Armenia 0.45 0.50 0.56 0.48 0.33 0.39 0.42 0.46 0.37 0.40 0.31 0.36 0.40 0.35 0.36 0.45 0.45
Austria 0.01 0.08 0.17 0.07 0.14 0.09 0.10 0.10 0.06 0.00 0.02 0.05 0.04 0.00 0.00 0.00 0.02
Australia 0.01 0.10 0.06 0.11 0.17 0.13 0.16 0.14 0.15 0.12 0.13 0.12 0.11 0.09 0.09 0.07 0.11
Belgium 0.04 0.10 0.11 0.09 0.17 0.19 0.19 0.16 0.20 0.21 0.14 0.15 0.11 0.12 0.12 0.16 0.19
Bhutan 0.18 0.22 0.27 0.24 0.15 0.07 0.04 0.04 0.23 0.17 0.13 0.15 0.13 0.15 0.15 0.05 0.05
Bolivia 0.39 0.39 0.44 0.49 0.61 0.54 0.67 0.61 0.63 0.61 0.55 0.50 0.50 0.53 0.47 0.47 0.45
Brazil 0.39 0.41 0.32 0.32 0.39 0.43 0.47 0.46 0.50 0.48 0.33 0.37 0.41 0.37 0.45 0.39 0.48
Myanmmar 0.65 0.68 0.79 0.77 0.70 0.62 0.67 0.63 0.70 0.73 0.78 0.73 0.68 0.66 0.70 0.68 0.71
Burundi 0.86 0.87 0.89 1.00 0.98 1.00 0.82 0.76 0.76 0.88 0.78 0.82 0.87 0.87 0.74 0.60 0.87
Canada 0.05 0.12 0.10 0.10 0.12 0.15 0.18 0.12 0.14 0.10 0.05 0.11 0.07 0.07 0.09 0.03 0.01
Chile 0.18 0.33 0.26 0.14 0.20 0.19 0.17 0.23 0.29 0.27 0.20 0.18 0.24 0.28 0.27 0.23 0.25
China 0.37 0.42 0.43 0.48 0.53 0.46 0.53 0.53 0.54 0.54 0.52 0.56 0.54 0.54 0.53 0.52 0.53
Colombia 0.71 0.72 0.76 0.90 1.00 0.92 0.96 0.89 0.89 0.94 0.95 0.80 0.73 0.79 0.73 0.69 0.68
CONGO, DEM. REP. 1.00 1.00 1.00 0.93 0.92 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cuba 0.29 0.34 0.33 0.35 0.32 0.28 0.29 0.27 0.29 0.25 0.28 0.28 0.29 0.29 0.27 0.22 0.20
Ethiopia 0.59 0.49 0.61 0.72 0.75 0.68 0.86 0.85 0.88 0.90 0.89 0.83 0.79 0.83 0.77 0.75 0.80
France 0.13 0.17 0.19 0.18 0.34 0.28 0.30 0.24 0.25 0.24 0.24 0.18 0.21 0.22 0.26 0.28 0.29
Gabon 0.33 0.28 0.24 0.31 0.32 0.27 0.31 0.34 0.33 0.33 0.35 0.29 0.26 0.29 0.28 0.32 0.36
Germany 0.04 0.06 0.04 0.13 0.25 0.20 0.16 0.12 0.14 0.12 0.13 0.15 0.14 0.16 0.12 0.10 0.16
Ghana 0.40 0.38 0.47 0.45 0.39 0.36 0.35 0.38 0.42 0.40 0.37 0.36 0.33 0.35 0.37 0.40 0.36
Greece 0.22 0.18 0.19 0.19 0.27 0.25 0.26 0.22 0.26 0.32 0.45 0.41 0.40 0.45 0.43 0.40 0.43
Iceland 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.08 0.03 0.03 0.02 0.01 0.00
India 0.54 0.58 0.61 0.71 0.78 0.67 0.67 0.67 0.71 0.72 0.80 0.72 0.74 0.74 0.71 0.65 0.64
Indonesia 0.61 0.72 0.87 0.80 0.93 0.84 0.81 0.77 0.73 0.72 0.62 0.61 0.59 0.55 0.52 0.48 0.54
Ireland 0.02 0.00 0.00 0.03 0.05 0.07 0.05 0.08 0.09 0.06 0.07 0.09 0.11 0.12 0.13 0.06 0.10
Japan 0.06 0.06 0.09 0.11 0.13 0.11 0.13 0.10 0.14 0.15 0.10 0.13 0.10 0.12 0.10 0.09 0.08
Kazakhstan 0.45 0.31 0.36 0.32 0.30 0.35 0.35 0.33 0.25 0.23 0.15 0.24 0.46 0.49 0.48 0.36 0.40
Madagascar 0.30 0.30 0.36 0.47 0.24 0.31 0.42 0.35 0.40 0.54 0.62 0.67 0.58 0.55 0.58 0.53 0.49
Malaysia 0.21 0.35 0.36 0.28 0.27 0.28 0.25 0.32 0.36 0.37 0.41 0.34 0.35 0.38 0.36 0.30 0.31
Mexico 0.56 0.43 0.42 0.42 0.42 0.42 0.52 0.56 0.60 0.64 0.60 0.58 0.56 0.58 0.58 0.61 0.62
Mozambique 0.35 0.32 0.40 0.36 0.33 0.37 0.37 0.26 0.32 0.30 0.20 0.27 0.29 0.28 0.45 0.47 0.54
New Caledonia 0.45 0.44 0.46 0.45 0.42 0.42
Nigeria 0.61 0.48 0.74 0.82 0.81 0.80 0.86 0.94 0.95 0.95 0.99 0.99 0.92 0.98 0.96 0.98 0.97
KOREA, DEM. REP. 0.45 0.43 0.36 0.34 0.33 0.32 0.41 0.41 0.27 0.24 0.40 0.48 0.46 0.42 0.52 0.71 0.72
Norway 0.00 0.02 0.01 0.01 0.08 0.07 0.05 0.06 0.10 0.03 0.00 0.00 0.00 0.00 0.00 0.04 0.03
Peru 0.59 0.46 0.64 0.66 0.69 0.62 0.67 0.62 0.61 0.66 0.75 0.65 0.58 0.63 0.59 0.52 0.52
Phillipines 0.44 0.39 0.71 0.62 0.79 0.79 0.74 0.83 0.84 0.92 0.92 0.83 0.76 0.72 0.67 0.57 0.61
Poland 0.16 0.16 0.31 0.23 0.25 0.34 0.31 0.30 0.23 0.14 0.10 0.09 0.08 0.09 0.11 0.12 0.11
Portugal 0.04 0.03 0.04 0.05 0.06 0.12 0.12 0.14 0.19 0.11 0.15 0.17 0.17 0.16 0.17 0.13 0.11
RUSSIAN FEDERATION 0.62 0.58 0.71 0.59 0.69 0.73 0.75 0.63 0.63 0.62 0.68 0.63 0.65 0.62 0.59 0.64 0.67
Rwanda 0.79 0.81 0.81 0.85 0.68 0.66 0.67 0.57 0.49 0.49 0.53 0.43 0.41 0.44 0.40 0.44 0.39
Slovakia 0.14 0.08 0.23 0.18 0.15 0.23 0.17 0.18 0.13 0.08 0.11 0.08 0.10 0.07 0.07 0.07 0.09
South Africa 0.43 0.45 0.43 0.47 0.47 0.40 0.44 0.37 0.35 0.38 0.42 0.38 0.36 0.39 0.39 0.40 0.42
KOREA, REP. 0.20 0.23 0.29 0.35 0.33 0.26 0.28 0.29 0.26 0.28 0.27 0.29 0.26 0.31 0.31 0.34 0.34
Spain 0.29 0.30 0.26 0.29 0.40 0.37 0.35 0.44 0.48 0.52 0.53 0.45 0.36 0.39 0.37 0.29 0.28
Sri Lanka 0.76 0.67 0.84 0.61 0.61 0.63 0.73 0.77 0.87 0.93 0.80 0.63 0.57 0.59 0.55 0.46 0.38
Sweden 0.00 0.03 0.04 0.04 0.05 0.03 0.04 0.05 0.07 0.07 0.06 0.06 0.03 0.05 0.06 0.06 0.09
Tajikistan 0.86 0.77 0.80 0.68 0.68 0.69 0.78 0.76 0.61 0.64 0.69 0.65 0.65 0.72 0.69 0.57 0.62
Thailand 0.23 0.20 0.27 0.28 0.43 0.54 0.64 0.70 0.71 0.78 0.82 0.77 0.69 0.73 0.75 0.63 0.65
Turkey 0.63 0.62 0.57 0.61 0.59 0.58 0.57 0.55 0.62 0.65 0.70 0.63 0.64 0.73 0.71 0.67 0.74
United Kingdom 0.11 0.13 0.13 0.24 0.32 0.33 0.38 0.22 0.25 0.26 0.35 0.26 0.27 0.26 0.24 0.24 0.21
Ukraine 0.39 0.38 0.49 0.49 0.49 0.49 0.48 0.40 0.36 0.39 0.48 0.38 0.39 0.41 0.59 0.94 0.93
UNITED STATES 0.12 0.14 0.12 0.34 0.37 0.41 0.43 0.26 0.30 0.23 0.25 0.25 0.20 0.20 0.21 0.20 0.17
VENEZUELA, RB 0.47 0.46 0.57 0.74 0.73 0.71 0.74 0.72 0.73 0.78 0.78 0.72 0.68 0.67 0.68 0.62 0.66
Vietnam 0.23 0.27 0.29 0.32 0.36 0.33 0.27 0.29 0.34 0.36 0.31 0.34 0.33 0.31 0.31 0.38 0.37
Zambia 0.38 0.30 0.38 0.48 0.34 0.33 0.38 0.29 0.31 0.26 0.22 0.24 0.24 0.21 0.27 0.32 0.34
Zimbabwe 0.45 0.52 0.71 0.80 0.68 0.68 0.74 0.63 0.70 0.75 0.74 0.69 0.64 0.61 0.57 0.56 0.54
1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 1.38 1.44 1.50 1.54 1.51 1.44 1.45 1.44 1.49 1.34 1.24 1.31 1.33 1.32 1.34 1.26 1.27
Minimum -2.83 -2.99 -2.59 -2.39 -2.39 -2.51 -2.17 -2.27 -2.21 -2.03 -1.99 -2.23 -2.24 -2.14 -2.23 -2.20 -2.17
PSAV 1-Normalized Estimates
Minimum Maximum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.23 0.27 0.27 0.31 0.34 0.29 0.34 0.34 0.34 0.34 0.33 0.35 0.34 0.34 0.33 0.33 0.33
Beryllium
0.81 0.10 0.11 0.10 0.28 0.31 0.34 0.35 0.21 0.25 0.19 0.21 0.20 0.17 0.16 0.17 0.16 0.14
Chromium
0.33 0.16 0.16 0.16 0.17 0.17 0.15 0.16 0.14 0.14 0.14 0.15 0.14 0.14 0.15 0.15 0.15 0.16
Cobalt
0.28 0.26 0.26 0.26 0.24 0.24 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26
Gallium
0.25 0.05 0.05 0.05 0.07 0.09 0.08 0.09 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.07 0.07 0.07
Germanium
0.59 0.25 0.28 0.29 0.32 0.34 0.30 0.34 0.34 0.34 0.35 0.33 0.36 0.35 0.35 0.34 0.34 0.34
Indium
0.32 0.10 0.12 0.13 0.14 0.15 0.13 0.15 0.15 0.15 0.15 0.15 0.16 0.15 0.16 0.15 0.15 0.15
Lead
0.41 0.06 0.08 0.07 0.09 0.10 0.07 0.09 0.08 0.07 0.08 0.09 0.08 0.08 0.08 0.08 0.08 0.09
Lithium
0.29 0.03 0.07 0.05 0.05 0.06 0.06 0.06 0.06 0.07 0.07 0.06 0.05 0.06 0.06 0.06 0.05 0.06
Magnesium
0.51 0.19 0.21 0.22 0.24 0.27 0.23 0.27 0.27 0.27 0.27 0.26 0.28 0.27 0.27 0.27 0.26 0.27
Manganese
0.16 0.05 0.06 0.05 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Rare Earth Oxide
0.73 0.27 0.31 0.32 0.35 0.39 0.33 0.39 0.39 0.39 0.39 0.38 0.41 0.40 0.40 0.39 0.38 0.39
Graphite
0.48 0.18 0.20 0.21 0.23 0.26 0.22 0.26 0.26 0.26 0.26 0.25 0.27 0.26 0.26 0.26 0.25 0.26
Nickel
0.11 0.06 0.06 0.08 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.07
Niobium
0.81 0.31 0.33 0.26 0.26 0.31 0.35 0.38 0.37 0.41 0.39 0.27 0.30 0.33 0.30 0.37 0.32 0.39
Platinum
0.35 0.12 0.13 0.12 0.13 0.13 0.12 0.13 0.11 0.11 0.11 0.11 0.11 0.10 0.11 0.11 0.11 0.11
Palladium
0.29 0.16 0.16 0.18 0.16 0.18 0.18 0.19 0.16 0.16 0.16 0.17 0.16 0.16 0.16 0.15 0.16 0.17
Rhenium
0.33 0.07 0.11 0.09 0.06 0.08 0.08 0.07 0.09 0.10 0.10 0.08 0.07 0.09 0.10 0.10 0.09 0.09
Silicon
0.44 0.16 0.19 0.19 0.21 0.24 0.20 0.24 0.24 0.24 0.24 0.23 0.24 0.24 0.24 0.23 0.23 0.23
Tantalum
0.32 0.25 0.26 0.26 0.26 0.22 0.22 0.22 0.19 0.17 0.17 0.18 0.15 0.15 0.16 0.15 0.16 0.15
Tellurium
0.41 0.12 0.13 0.15 0.13 0.15 0.16 0.17 0.14 0.15 0.13 0.13 0.14 0.13 0.13 0.12 0.12 0.12
Terbium
0.73 0.27 0.31 0.32 0.35 0.39 0.33 0.39 0.39 0.39 0.39 0.38 0.41 0.40 0.40 0.39 0.38 0.39
Tungsten




GE Weighted HHI 
The same procedure is followed for the rest of the socio-political indicators.  
Table 22. GE Raw Scores 
  
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.27 0.38 0.06 -0.26 -0.01 -0.02 -0.09 -0.04 -0.03 -0.13 -0.33 -0.19 -0.14 -0.25 -0.29 -0.18 -0.09
Armenia -0.41 -0.54 -0.57 -0.17 -0.26 -0.14 -0.13 -0.21 -0.35 -0.16 -0.02 -0.17 -0.10 -0.04 0.07 -0.17 -0.14
Austria 1.86 1.88 1.95 1.97 2.02 1.91 1.72 1.82 1.87 1.77 1.67 1.84 1.61 1.56 1.57 1.57 1.47
Australia 1.66 1.60 1.77 1.70 1.81 2.04 1.77 1.76 1.82 1.78 1.70 1.77 1.70 1.61 1.62 1.59 1.56
Belgium 1.81 1.86 1.78 1.99 1.96 1.92 1.74 1.72 1.61 1.38 1.59 1.58 1.66 1.59 1.59 1.40 1.44
Bhutan 0.65 0.56 0.78 0.73 0.38 -0.14 0.28 0.18 0.19 0.22 0.48 0.57 0.62 0.48 0.36 0.27 0.41
Bolivia -0.19 -0.06 -0.33 -0.29 -0.28 -0.55 -0.68 -0.64 -0.55 -0.61 -0.59 -0.50 -0.46 -0.37 -0.40 -0.59 -0.66
Brazil -0.15 -0.11 0.05 0.03 0.18 0.07 -0.10 -0.23 -0.20 -0.09 -0.10 -0.04 -0.12 -0.12 -0.08 -0.15 -0.19
Myanmmar -1.28 -1.20 -1.21 -1.31 -1.24 -1.56 -1.55 -1.51 -1.47 -1.52 -1.64 -1.65 -1.63 -1.53 -1.51 -1.28 -1.24
Burundi -1.73 -1.66 -1.44 -1.45 -1.47 -1.31 -1.26 -1.08 -1.24 -1.09 -1.03 -1.10 -1.09 -1.34 -1.07 -1.12 -1.15
Canada 1.88 1.97 1.95 1.95 2.01 1.96 1.91 1.92 1.75 1.77 1.75 1.79 1.78 1.75 1.77 -0.77 -0.76
Chile 1.28 1.17 1.12 1.14 1.24 1.20 1.22 1.10 1.26 1.17 1.23 1.26 1.26 1.25 1.25 1.14 1.08
China -0.25 -0.10 -0.09 -0.05 -0.04 0.00 -0.09 0.08 0.19 0.15 0.11 0.10 0.10 0.01 -0.03 0.34 0.42
Colombia -0.19 -0.17 -0.28 -0.41 -0.14 -0.14 -0.16 -0.12 -0.05 -0.03 -0.23 -0.04 0.06 0.01 0.04 -0.11 -0.03
Congo, Dem. Rep. -1.69 -1.97 -1.96 -1.74 -1.61 -1.45 -1.59 -1.65 -1.77 -1.67 -1.71 -1.73 -1.67 -1.66 -1.59 -1.57 -1.63
Cuba -0.89 -0.42 -0.23 -0.45 -0.24 -0.44 -0.54 -0.46 -0.32 -0.36 -0.39 -0.39 -0.40 -0.42 -0.44 -0.06 0.01
Ethiopia -1.28 -0.94 -0.91 -0.93 -0.87 -0.73 -0.88 -0.57 -0.39 -0.37 -0.49 -0.42 -0.47 -0.44 -0.52 -0.42 -0.64
France 1.42 1.58 1.72 1.60 1.72 1.81 1.71 1.59 1.48 1.58 1.49 1.45 1.37 1.33 1.47 1.40 1.44
Gabon -0.34 -0.59 -0.63 -0.39 -0.48 -0.80 -0.84 -0.85 -0.84 -0.83 -0.75 -0.78 -0.80 -0.78 -0.77 -0.64 -0.73
Germany 1.84 1.93 1.91 1.72 1.40 1.53 1.54 1.62 1.63 1.52 1.59 1.57 1.55 1.57 1.52 1.73 1.74
Ghana -0.11 -0.14 0.02 -0.13 -0.19 -0.16 -0.16 0.11 0.08 0.02 -0.04 -0.04 -0.05 -0.07 -0.09 -0.29 -0.26
Greece 0.82 0.75 0.65 0.77 0.75 0.83 0.72 0.68 0.57 0.59 0.61 0.55 0.50 0.31 0.45 0.40 0.25
Iceland 1.80 1.91 2.03 2.01 2.12 2.12 1.99 1.87 1.78 1.81 1.65 1.59 1.58 1.49 1.48 1.50 1.50
India -0.08 -0.09 -0.14 -0.13 -0.07 -0.10 -0.08 -0.05 0.11 -0.03 -0.01 0.02 -0.01 -0.18 -0.19 -0.20 0.10
Indonesia -0.42 -0.60 -0.27 -0.43 -0.45 -0.38 -0.44 -0.34 -0.28 -0.24 -0.28 -0.20 -0.25 -0.29 -0.24 -0.01 -0.22
Ireland 1.71 1.78 1.67 1.63 1.58 1.56 1.73 1.59 1.57 1.49 1.34 1.34 1.45 1.53 1.46 1.60 1.54
Japan 0.96 1.07 1.19 1.07 1.22 1.42 1.35 1.56 1.45 1.46 1.46 1.52 1.47 1.40 1.59 1.82 1.79
Kazakhstan -1.07 -0.82 -0.71 -0.92 -0.65 -0.64 -0.55 -0.46 -0.56 -0.42 -0.36 -0.43 -0.43 -0.44 -0.54 -0.02 -0.05
Madagascar -0.58 -0.83 -0.64 -0.47 -0.45 -0.48 -0.37 -0.53 -0.44 -0.63 -0.78 -0.95 -1.01 -1.08 -1.12 -1.29 -1.29
Malaysia 0.75 0.79 1.05 0.99 1.17 1.13 1.13 1.20 1.25 1.16 1.00 1.13 1.03 1.01 1.10 1.14 0.96
Mexico 0.07 0.35 0.23 0.25 0.23 0.17 0.08 0.16 0.17 0.18 0.16 0.14 0.31 0.32 0.31 0.19 0.21
Mozambique -0.14 -0.39 -0.43 -0.36 -0.46 -0.51 -0.52 -0.56 -0.48 -0.50 -0.54 -0.57 -0.63 -0.64 -0.65 -0.73 -0.74
New Caledonia
Nigeria -0.98 -1.12 -0.96 -1.06 -0.96 -0.91 -0.88 -0.96 -1.04 -0.97 -1.20 -1.15 -1.07 -0.99 -1.01 -1.18 -0.95
Korea, Dem. Rep. -1.91 -2.04 -1.92 -1.92 -1.91 -1.73 -1.75 -1.76 -2.23 -2.26 -1.81 -1.88 -1.87 -1.93 -1.93 -1.65 -1.63
Norway 2.02 1.99 1.91 1.90 1.92 2.10 1.85 1.94 2.03 1.84 1.82 1.86 1.84 1.89 1.86 1.81 1.86
Peru -0.05 0.18 -0.09 -0.35 -0.42 -0.47 -0.60 -0.58 -0.51 -0.36 -0.42 -0.20 -0.15 -0.16 -0.14 -0.28 -0.28
Phillipines -0.18 0.03 -0.14 -0.09 -0.04 -0.20 -0.06 -0.06 0.08 0.03 -0.03 -0.02 0.08 0.08 0.06 0.19 0.11
Poland 0.78 0.67 0.60 0.49 0.55 0.49 0.48 0.42 0.40 0.48 0.52 0.64 0.62 0.66 0.71 0.82 0.80
Portugal 1.15 1.12 1.04 1.20 1.15 1.10 1.06 0.88 0.90 1.08 1.16 1.02 0.96 1.03 1.23 1.01 1.23
Russian Federation -0.52 -0.77 -0.77 -0.34 -0.39 -0.38 -0.46 -0.45 -0.38 -0.34 -0.40 -0.45 -0.45 -0.43 -0.36 -0.08 -0.18
Rwanda -1.20 -0.92 -0.65 -0.93 -0.74 -0.56 -0.89 -0.29 -0.20 -0.14 -0.17 -0.05 0.07 -0.06 0.00 -0.01 -0.04
Slovakia 0.57 0.54 0.57 0.57 0.68 0.91 0.94 0.92 0.74 0.87 0.86 0.83 0.84 0.83 0.78 0.87 0.84
South Africa 0.88 0.60 0.69 0.64 0.68 0.66 0.64 0.50 0.49 0.52 0.48 0.39 0.41 0.33 0.43 0.34 0.27
Korea, Rep. 0.63 0.33 0.70 0.89 0.93 0.94 1.02 1.05 1.23 1.05 1.11 1.22 1.26 1.20 1.12 1.18 1.03
Spain 1.62 1.66 1.79 1.86 1.90 1.37 1.49 0.89 1.00 0.92 0.93 0.99 1.03 1.11 1.15 1.15 1.18
Sri Lanka -0.26 -0.45 -0.35 -0.06 -0.20 -0.40 -0.29 -0.18 -0.09 -0.12 -0.12 -0.18 -0.10 -0.24 -0.23 0.09 0.01
Sweden 1.96 1.99 1.97 2.03 2.09 2.14 1.89 1.84 2.02 1.94 2.05 2.01 1.97 1.94 1.89 1.79 1.81
Tajikistan -1.46 -1.49 -1.21 -1.26 -1.16 -0.95 -1.06 -1.03 -1.06 -1.04 -1.08 -0.90 -0.94 -0.93 -1.08 -0.75 -0.82
Thailand 0.27 0.09 0.20 0.29 0.38 0.36 0.43 0.40 0.37 0.25 0.28 0.19 0.21 0.21 0.21 0.34 0.36
Turkey -0.01 -0.28 0.02 0.04 0.04 0.04 0.16 0.16 0.30 0.26 0.29 0.31 0.36 0.40 0.37 0.38 0.23
United Kingdom 1.88 1.92 1.86 1.85 1.83 1.90 1.75 1.72 1.66 1.64 1.50 1.56 1.55 1.53 1.47 1.62 1.74
Ukraine -0.71 -0.92 -0.75 -0.66 -0.58 -0.54 -0.58 -0.54 -0.67 -0.71 -0.80 -0.75 -0.81 -0.58 -0.65 -0.38 -0.51
United States 1.71 1.80 1.84 1.70 1.61 1.80 1.57 1.60 1.65 1.60 1.50 1.55 1.51 1.51 1.50 1.46 1.46
Venezuela, RB -0.72 -0.83 -0.76 -1.01 -0.95 -1.02 -0.90 -1.04 -1.05 -1.11 -0.97 -1.10 -1.19 -1.14 -1.14 -1.23 -1.22
Vietnam -0.47 -0.37 -0.44 -0.44 -0.43 -0.44 -0.20 -0.20 -0.22 -0.20 -0.25 -0.26 -0.23 -0.29 -0.30 -0.06 0.08
Zambia -1.06 -0.86 -0.86 -0.81 -0.82 -0.82 -0.94 -0.81 -0.71 -0.73 -0.79 -0.83 -0.64 -0.50 -0.48 -0.49 -0.55


















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 24. GE Weighted HHI 
 
Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 -0.16 -0.07 -0.06 -0.04 -0.03 -0.01 -0.06 0.04 0.11 0.09 0.06 0.06 0.05 0.00 -0.02 0.21 0.26
Beryllium
0.81 1.38 1.45 1.49 1.37 1.30 1.45 1.27 1.30 1.33 1.30 1.22 1.25 1.22 1.22 1.21 1.18 1.18
Chromium
0.33 0.24 0.17 0.20 0.18 0.19 0.19 0.19 0.15 0.15 0.16 0.15 0.12 0.13 0.10 0.13 0.12 0.10
Cobalt
0.28 -0.40 -0.47 -0.47 -0.41 -0.38 -0.34 -0.38 -0.39 -0.42 -0.40 -0.41 -0.41 -0.40 -0.39 -0.38 -0.38 -0.39
Gallium
0.25 0.35 0.37 0.37 0.35 0.31 0.33 0.32 0.33 0.33 0.32 0.31 0.31 0.31 0.31 0.30 0.34 0.35
Germanium
0.59 -0.07 0.00 0.01 0.03 0.04 0.06 0.01 0.10 0.16 0.14 0.12 0.11 0.11 0.06 0.04 0.24 0.28
Indium
0.32 -0.02 0.01 0.03 0.05 0.05 0.06 0.04 0.09 0.12 0.11 0.10 0.10 0.10 0.07 0.06 0.14 0.16
Lead
0.41 -0.05 0.00 0.00 0.01 0.02 0.03 0.00 0.04 0.06 0.05 0.04 0.03 0.03 0.01 0.01 0.06 0.05
Lithium
0.29 0.38 0.36 0.38 0.37 0.40 0.42 0.39 0.38 0.41 0.39 0.38 0.40 0.39 0.37 0.37 0.36 0.35
Magnesium
0.51 -0.12 -0.05 -0.04 -0.02 -0.01 0.00 -0.04 0.04 0.10 0.08 0.06 0.05 0.05 0.01 -0.01 0.17 0.21
Manganese
0.16 0.10 0.08 0.09 0.09 0.10 0.10 0.09 0.08 0.09 0.09 0.08 0.08 0.07 0.06 0.07 0.08 0.07
Rare Earth Oxide
0.73 -0.17 -0.07 -0.06 -0.03 -0.02 0.01 -0.06 0.07 0.15 0.12 0.09 0.08 0.08 0.01 -0.01 0.25 0.31
Graphite
0.48 -0.11 -0.05 -0.04 -0.03 -0.02 0.00 -0.04 0.03 0.09 0.07 0.05 0.05 0.04 0.00 -0.02 0.15 0.19
Nickel
0.11 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.06 0.06 0.04 0.04
Niobium
0.81 -0.11 -0.08 0.06 0.04 0.16 0.07 -0.07 -0.17 -0.15 -0.06 -0.06 -0.02 -0.08 -0.09 -0.05 -0.13 -0.16
Platinum
0.35 0.39 0.33 0.35 0.34 0.36 0.35 0.34 0.31 0.29 0.30 0.28 0.27 0.27 0.25 0.28 0.00 -0.02
Palladium
0.29 0.02 -0.05 -0.05 0.02 0.02 0.02 0.00 -0.01 0.00 0.01 -0.01 -0.02 -0.02 -0.03 0.00 0.02 -0.01
Rhenium
0.33 0.39 0.36 0.35 0.35 0.38 0.37 0.37 0.34 0.39 0.36 0.38 0.39 0.38 0.38 0.38 0.36 0.34
Silicon
0.44 -0.10 -0.04 -0.03 -0.01 -0.01 0.01 -0.03 0.04 0.09 0.07 0.06 0.05 0.05 0.01 0.00 0.15 0.19
Tantalum
0.32 -0.38 -0.31 -0.24 -0.31 -0.25 -0.20 -0.29 -0.13 -0.11 -0.09 -0.10 -0.07 -0.04 -0.07 -0.06 -0.06 -0.07
Tellurium
0.41 0.34 0.32 0.32 0.39 0.40 0.39 0.36 0.37 0.34 0.35 0.34 0.34 0.33 0.33 0.35 -0.17 -0.18
Terbium
0.73 -0.17 -0.07 -0.06 -0.03 -0.02 0.01 -0.06 0.07 0.15 0.12 0.09 0.08 0.08 0.01 -0.01 0.25 0.31
Tungsten





GE Normalized Estimates  
Table 25. GE Normalized Estimates  
 
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.55 0.60 0.51 0.42 0.47 0.44 0.44 0.46 0.52 0.51 0.38 0.44 0.45 0.43 0.43 0.42 0.44
Armenia 0.38 0.37 0.35 0.44 0.41 0.41 0.43 0.42 0.44 0.50 0.46 0.44 0.46 0.49 0.52 0.43 0.43
Austria 0.96 0.97 0.98 0.98 0.97 0.94 0.93 0.97 0.96 0.96 0.90 0.96 0.91 0.90 0.92 0.93 0.89
Australia 0.91 0.90 0.93 0.91 0.92 0.97 0.94 0.95 0.95 0.96 0.91 0.94 0.93 0.91 0.93 0.93 0.91
Belgium 0.95 0.97 0.94 0.99 0.96 0.94 0.93 0.94 0.90 0.87 0.88 0.89 0.92 0.91 0.92 0.88 0.88
Bhutan 0.65 0.64 0.69 0.67 0.57 0.41 0.54 0.52 0.57 0.59 0.59 0.63 0.65 0.62 0.60 0.55 0.58
Bolivia 0.44 0.49 0.41 0.41 0.41 0.31 0.28 0.30 0.39 0.39 0.31 0.35 0.37 0.40 0.40 0.30 0.28
Brazil 0.45 0.48 0.50 0.49 0.52 0.46 0.44 0.41 0.48 0.52 0.44 0.47 0.46 0.47 0.48 0.43 0.41
Myanmmar 0.16 0.21 0.19 0.16 0.17 0.04 0.05 0.07 0.18 0.18 0.04 0.06 0.06 0.10 0.11 0.11 0.11
Burundi 0.05 0.09 0.13 0.12 0.11 0.11 0.13 0.18 0.23 0.28 0.20 0.20 0.21 0.15 0.22 0.15 0.14
Canada 0.96 0.99 0.98 0.98 0.97 0.95 0.98 1.00 0.93 0.96 0.92 0.94 0.95 0.95 0.97 0.25 0.25
Chile 0.81 0.80 0.77 0.77 0.78 0.76 0.79 0.77 0.82 0.82 0.79 0.81 0.81 0.82 0.83 0.81 0.78
China 0.42 0.48 0.47 0.47 0.46 0.45 0.44 0.50 0.57 0.57 0.50 0.51 0.51 0.50 0.50 0.57 0.59
Colombia 0.44 0.46 0.42 0.38 0.44 0.41 0.42 0.44 0.51 0.53 0.41 0.47 0.50 0.50 0.52 0.44 0.46
Congo, Dem. Rep. 0.06 0.02 0.00 0.05 0.07 0.07 0.04 0.03 0.11 0.14 0.03 0.04 0.05 0.07 0.09 0.02 0.00
Cuba 0.26 0.40 0.43 0.37 0.41 0.33 0.32 0.35 0.45 0.45 0.37 0.38 0.38 0.39 0.39 0.46 0.47
Ethiopia 0.16 0.27 0.26 0.25 0.26 0.26 0.23 0.32 0.43 0.45 0.34 0.38 0.37 0.39 0.37 0.36 0.28
France 0.85 0.90 0.92 0.89 0.90 0.92 0.92 0.90 0.87 0.91 0.86 0.86 0.85 0.84 0.89 0.88 0.88
Gabon 0.40 0.36 0.33 0.39 0.36 0.24 0.24 0.25 0.33 0.34 0.27 0.28 0.28 0.30 0.30 0.29 0.26
Germany 0.95 0.98 0.97 0.92 0.82 0.84 0.88 0.91 0.91 0.90 0.88 0.89 0.89 0.91 0.90 0.97 0.96
Ghana 0.46 0.47 0.50 0.45 0.43 0.41 0.43 0.50 0.54 0.54 0.46 0.47 0.47 0.48 0.48 0.39 0.39
Greece 0.69 0.69 0.65 0.68 0.66 0.66 0.66 0.66 0.66 0.68 0.63 0.62 0.62 0.58 0.62 0.59 0.54
Iceland 0.94 0.98 1.00 0.99 1.00 1.00 1.00 0.98 0.94 0.97 0.90 0.89 0.90 0.88 0.89 0.91 0.90
India 0.46 0.48 0.46 0.45 0.46 0.42 0.44 0.46 0.55 0.53 0.47 0.49 0.49 0.45 0.46 0.42 0.50
Indonesia 0.38 0.36 0.42 0.38 0.36 0.35 0.35 0.38 0.46 0.48 0.40 0.43 0.42 0.42 0.44 0.47 0.40
Ireland 0.92 0.95 0.91 0.90 0.87 0.85 0.93 0.90 0.89 0.89 0.82 0.83 0.87 0.89 0.89 0.94 0.91
Japan 0.73 0.77 0.79 0.76 0.78 0.81 0.83 0.90 0.86 0.89 0.85 0.88 0.87 0.86 0.92 1.00 0.98
Kazakhstan 0.21 0.30 0.31 0.25 0.31 0.28 0.32 0.35 0.39 0.44 0.37 0.37 0.38 0.38 0.36 0.47 0.45
Madagascar 0.34 0.30 0.33 0.37 0.36 0.32 0.37 0.33 0.42 0.39 0.27 0.24 0.23 0.22 0.21 0.10 0.10
Malaysia 0.68 0.70 0.75 0.74 0.77 0.74 0.77 0.80 0.82 0.81 0.73 0.77 0.76 0.76 0.79 0.80 0.74
Mexico 0.50 0.59 0.55 0.55 0.53 0.49 0.49 0.52 0.56 0.58 0.51 0.52 0.57 0.58 0.59 0.53 0.53
Mozambique 0.45 0.41 0.38 0.40 0.36 0.32 0.33 0.32 0.41 0.42 0.33 0.34 0.32 0.33 0.33 0.27 0.25
New Caledonia 0.49 0.51 0.49 0.49 0.47 0.45 0.47 0.48 0.52 0.54 0.47 0.48 0.49 0.50 0.50 0.48 0.47
Nigeria 0.24 0.23 0.25 0.22 0.23 0.21 0.23 0.21 0.28 0.31 0.16 0.19 0.21 0.24 0.24 0.13 0.19
Korea, Dem. Rep. 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Norway 1.00 1.00 0.97 0.97 0.95 0.99 0.96 1.00 1.00 0.98 0.94 0.96 0.97 0.99 0.99 1.00 1.00
Peru 0.47 0.55 0.47 0.40 0.37 0.33 0.31 0.32 0.40 0.45 0.36 0.43 0.45 0.46 0.47 0.40 0.39
Phillipines 0.44 0.51 0.46 0.46 0.46 0.39 0.45 0.46 0.54 0.54 0.46 0.48 0.51 0.52 0.52 0.53 0.50
Poland 0.68 0.67 0.64 0.61 0.61 0.57 0.60 0.59 0.62 0.65 0.60 0.65 0.65 0.67 0.69 0.71 0.70
Portugal 0.78 0.78 0.75 0.79 0.76 0.73 0.75 0.71 0.73 0.79 0.77 0.75 0.74 0.77 0.83 0.77 0.82
Russian Federation 0.35 0.32 0.30 0.40 0.38 0.35 0.34 0.35 0.43 0.46 0.37 0.37 0.37 0.39 0.41 0.45 0.41
Rwanda 0.18 0.28 0.33 0.25 0.29 0.30 0.23 0.40 0.48 0.51 0.43 0.47 0.51 0.48 0.50 0.47 0.46
Slovakia 0.63 0.64 0.63 0.63 0.64 0.68 0.72 0.72 0.70 0.75 0.69 0.70 0.71 0.71 0.71 0.73 0.71
South Africa 0.71 0.66 0.66 0.65 0.64 0.62 0.64 0.61 0.64 0.66 0.59 0.58 0.59 0.58 0.62 0.57 0.54
Korea, Rep. 0.65 0.59 0.67 0.71 0.70 0.69 0.74 0.76 0.81 0.79 0.76 0.80 0.82 0.81 0.80 0.81 0.76
Spain 0.90 0.92 0.94 0.95 0.95 0.80 0.86 0.72 0.76 0.76 0.71 0.74 0.76 0.78 0.81 0.81 0.80
Sri Lanka 0.42 0.39 0.40 0.47 0.42 0.34 0.39 0.43 0.50 0.51 0.44 0.44 0.46 0.44 0.44 0.50 0.47
Sweden 0.98 1.00 0.99 1.00 0.99 1.00 0.97 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99
Tajikistan 0.11 0.13 0.19 0.17 0.19 0.20 0.18 0.20 0.27 0.29 0.19 0.25 0.24 0.26 0.22 0.26 0.23
Thailand 0.56 0.53 0.54 0.56 0.57 0.54 0.58 0.58 0.61 0.60 0.54 0.53 0.54 0.55 0.56 0.57 0.57
Turkey 0.48 0.44 0.50 0.50 0.48 0.46 0.51 0.52 0.59 0.60 0.54 0.56 0.58 0.60 0.60 0.59 0.53
United Kingdom 0.96 0.98 0.96 0.95 0.93 0.94 0.93 0.94 0.91 0.93 0.86 0.88 0.89 0.89 0.89 0.94 0.96
Ukraine 0.31 0.28 0.30 0.32 0.33 0.31 0.31 0.33 0.37 0.37 0.26 0.29 0.28 0.35 0.33 0.37 0.32
United States 0.92 0.95 0.95 0.91 0.87 0.91 0.89 0.91 0.91 0.92 0.86 0.88 0.88 0.89 0.90 0.90 0.89
Venezuela, RB 0.30 0.30 0.30 0.23 0.24 0.18 0.23 0.19 0.28 0.27 0.22 0.20 0.18 0.20 0.21 0.12 0.12
Vietnam 0.37 0.41 0.38 0.37 0.37 0.33 0.41 0.42 0.47 0.49 0.40 0.42 0.43 0.42 0.43 0.46 0.49
Zambia 0.22 0.29 0.28 0.28 0.27 0.24 0.22 0.26 0.36 0.36 0.26 0.27 0.32 0.37 0.38 0.34 0.31
Zimbabwe 0.43 0.41 0.30 0.26 0.24 0.20 0.12 0.12 0.22 0.18 0.08 0.10 0.13 0.19 0.21 0.13 0.14
1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 2.02 1.99 2.03 2.03 2.12 2.14 1.99 1.94 2.03 1.94 2.05 2.01 1.97 1.94 1.89 1.82 1.86
Minimum -1.91 -2.04 -1.96 -1.92 -1.91 -1.73 -1.75 -1.76 -2.23 -2.26 -1.81 -1.88 -1.87 -1.93 -1.93 -1.65 -1.63
GE Normalized Estimates
Minimum Maximum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 27. GE Weighted HHI with Normalized Estimates
 
Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.26 0.30 0.29 0.30 0.29 0.28 0.28 0.31 0.35 0.36 0.31 0.32 0.32 0.31 0.31 0.36 0.37
Beryllium
0.81 0.75 0.77 0.77 0.74 0.71 0.74 0.72 0.74 0.74 0.75 0.70 0.72 0.72 0.72 0.73 0.73 0.72
Chromium
0.33 0.23 0.21 0.22 0.21 0.21 0.20 0.21 0.20 0.21 0.22 0.20 0.20 0.20 0.20 0.21 0.20 0.19
Cobalt
0.28 0.03 0.02 0.02 0.03 0.04 0.04 0.03 0.03 0.05 0.06 0.03 0.03 0.03 0.04 0.04 0.02 0.02
Gallium
0.25 0.21 0.22 0.22 0.21 0.20 0.20 0.20 0.21 0.21 0.21 0.20 0.21 0.21 0.21 0.21 0.22 0.22
Germanium
0.59 0.28 0.31 0.31 0.31 0.31 0.30 0.29 0.32 0.36 0.36 0.32 0.33 0.33 0.33 0.32 0.36 0.37
Indium
0.32 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.19 0.19 0.17 0.18 0.18 0.18 0.18 0.19 0.19
Lead
0.41 0.13 0.14 0.14 0.13 0.13 0.12 0.12 0.13 0.15 0.16 0.13 0.13 0.13 0.13 0.13 0.14 0.14
Lithium
0.29 0.24 0.24 0.24 0.23 0.24 0.24 0.24 0.24 0.25 0.25 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Magnesium
0.51 0.21 0.24 0.24 0.24 0.24 0.23 0.22 0.25 0.29 0.29 0.25 0.26 0.26 0.25 0.25 0.29 0.30
Manganese
0.16 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.10 0.10 0.09 0.10 0.10 0.09
Rare Earth Oxide
0.73 0.31 0.35 0.35 0.35 0.34 0.33 0.33 0.37 0.42 0.42 0.37 0.37 0.38 0.37 0.37 0.42 0.43
Graphite
0.48 0.20 0.23 0.22 0.22 0.22 0.21 0.21 0.24 0.27 0.27 0.24 0.24 0.24 0.24 0.24 0.27 0.28
Nickel
0.11 0.07 0.08 0.08 0.08 0.08 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.07
Niobium
0.81 0.37 0.39 0.41 0.41 0.43 0.38 0.36 0.34 0.39 0.42 0.37 0.39 0.38 0.38 0.40 0.35 0.34
Platinum
0.35 0.27 0.26 0.26 0.26 0.26 0.25 0.26 0.25 0.25 0.26 0.24 0.24 0.24 0.24 0.25 0.17 0.16
Palladium
0.29 0.15 0.14 0.14 0.15 0.15 0.14 0.14 0.14 0.16 0.16 0.14 0.14 0.14 0.14 0.15 0.15 0.14
Rhenium
0.33 0.26 0.26 0.25 0.25 0.25 0.25 0.25 0.25 0.26 0.26 0.25 0.26 0.26 0.26 0.27 0.26 0.25
Silicon
0.44 0.19 0.21 0.21 0.21 0.21 0.20 0.20 0.22 0.25 0.26 0.22 0.23 0.23 0.22 0.22 0.25 0.26
Tantalum
0.32 0.06 0.08 0.10 0.08 0.09 0.09 0.07 0.11 0.14 0.15 0.12 0.14 0.15 0.14 0.15 0.13 0.13
Tellurium
0.41 0.29 0.29 0.28 0.30 0.29 0.28 0.29 0.30 0.30 0.31 0.28 0.29 0.29 0.29 0.30 0.15 0.14
Terbium
0.73 0.31 0.35 0.35 0.35 0.34 0.33 0.33 0.37 0.42 0.42 0.37 0.37 0.38 0.37 0.37 0.42 0.43
Tungsten




GE 1-Normalized Estimates  
Table 28. GE 1-Normalized Estimates  
 
 
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.45 0.40 0.49 0.58 0.53 0.56 0.56 0.54 0.48 0.49 0.62 0.56 0.55 0.57 0.57 0.58 0.56
Armenia 0.62 0.63 0.65 0.56 0.59 0.59 0.57 0.58 0.56 0.50 0.54 0.56 0.54 0.51 0.48 0.57 0.57
Austria 0.04 0.03 0.02 0.02 0.03 0.06 0.07 0.03 0.04 0.04 0.10 0.04 0.09 0.10 0.08 0.07 0.11
Australia 0.09 0.10 0.07 0.09 0.08 0.03 0.06 0.05 0.05 0.04 0.09 0.06 0.07 0.09 0.07 0.07 0.09
Belgium 0.05 0.03 0.06 0.01 0.04 0.06 0.07 0.06 0.10 0.13 0.12 0.11 0.08 0.09 0.08 0.12 0.12
Bhutan 0.35 0.36 0.31 0.33 0.43 0.59 0.46 0.48 0.43 0.41 0.41 0.37 0.35 0.38 0.40 0.45 0.42
Bolivia 0.56 0.51 0.59 0.59 0.59 0.69 0.72 0.70 0.61 0.61 0.69 0.65 0.63 0.60 0.60 0.70 0.72
Brazil 0.55 0.52 0.50 0.51 0.48 0.54 0.56 0.59 0.52 0.48 0.56 0.53 0.54 0.53 0.52 0.57 0.59
Myanmmar 0.84 0.79 0.81 0.84 0.83 0.96 0.95 0.93 0.82 0.82 0.96 0.94 0.94 0.90 0.89 0.89 0.89
Burundi 0.95 0.91 0.87 0.88 0.89 0.89 0.87 0.82 0.77 0.72 0.80 0.80 0.79 0.85 0.78 0.85 0.86
Canada 0.04 0.01 0.02 0.02 0.03 0.05 0.02 0.00 0.07 0.04 0.08 0.06 0.05 0.05 0.03 0.75 0.75
Chile 0.19 0.20 0.23 0.23 0.22 0.24 0.21 0.23 0.18 0.18 0.21 0.19 0.19 0.18 0.17 0.19 0.22
China 0.58 0.52 0.53 0.53 0.54 0.55 0.56 0.50 0.43 0.43 0.50 0.49 0.49 0.50 0.50 0.43 0.41
Colombia 0.56 0.54 0.58 0.62 0.56 0.59 0.58 0.56 0.49 0.47 0.59 0.53 0.50 0.50 0.48 0.56 0.54
Congo, Dem. Rep. 0.94 0.98 1.00 0.95 0.93 0.93 0.96 0.97 0.89 0.86 0.97 0.96 0.95 0.93 0.91 0.98 1.00
Cuba 0.74 0.60 0.57 0.63 0.59 0.67 0.68 0.65 0.55 0.55 0.63 0.62 0.62 0.61 0.61 0.54 0.53
Ethiopia 0.84 0.73 0.74 0.75 0.74 0.74 0.77 0.68 0.57 0.55 0.66 0.62 0.63 0.61 0.63 0.64 0.72
France 0.15 0.10 0.08 0.11 0.10 0.08 0.08 0.10 0.13 0.09 0.14 0.14 0.15 0.16 0.11 0.12 0.12
Gabon 0.60 0.64 0.67 0.61 0.64 0.76 0.76 0.75 0.67 0.66 0.73 0.72 0.72 0.70 0.70 0.71 0.74
Germany 0.05 0.02 0.03 0.08 0.18 0.16 0.12 0.09 0.09 0.10 0.12 0.11 0.11 0.09 0.10 0.03 0.04
Ghana 0.54 0.53 0.50 0.55 0.57 0.59 0.57 0.50 0.46 0.46 0.54 0.53 0.53 0.52 0.52 0.61 0.61
Greece 0.31 0.31 0.35 0.32 0.34 0.34 0.34 0.34 0.34 0.32 0.37 0.38 0.38 0.42 0.38 0.41 0.46
Iceland 0.06 0.02 0.00 0.01 0.00 0.00 0.00 0.02 0.06 0.03 0.10 0.11 0.10 0.12 0.11 0.09 0.10
India 0.54 0.52 0.54 0.55 0.54 0.58 0.56 0.54 0.45 0.47 0.53 0.51 0.51 0.55 0.54 0.58 0.50
Indonesia 0.62 0.64 0.58 0.62 0.64 0.65 0.65 0.62 0.54 0.52 0.60 0.57 0.58 0.58 0.56 0.53 0.60
Ireland 0.08 0.05 0.09 0.10 0.13 0.15 0.07 0.10 0.11 0.11 0.18 0.17 0.13 0.11 0.11 0.06 0.09
Japan 0.27 0.23 0.21 0.24 0.22 0.19 0.17 0.10 0.14 0.11 0.15 0.12 0.13 0.14 0.08 0.00 0.02
Kazakhstan 0.79 0.70 0.69 0.75 0.69 0.72 0.68 0.65 0.61 0.56 0.63 0.63 0.62 0.62 0.64 0.53 0.55
Madagascar 0.66 0.70 0.67 0.63 0.64 0.68 0.63 0.67 0.58 0.61 0.73 0.76 0.77 0.78 0.79 0.90 0.90
Malaysia 0.32 0.30 0.25 0.26 0.23 0.26 0.23 0.20 0.18 0.19 0.27 0.23 0.24 0.24 0.21 0.20 0.26
Mexico 0.50 0.41 0.45 0.45 0.47 0.51 0.51 0.48 0.44 0.42 0.49 0.48 0.43 0.42 0.41 0.47 0.47
Mozambique 0.55 0.59 0.62 0.60 0.64 0.68 0.67 0.68 0.59 0.58 0.67 0.66 0.68 0.67 0.67 0.73 0.75
New Caledonia 0.51 0.49 0.51 0.51 0.53 0.55 0.53 0.52 0.48 0.46 0.53 0.52 0.51 0.50 0.50 0.52 0.53
Nigeria 0.76 0.77 0.75 0.78 0.77 0.79 0.77 0.79 0.72 0.69 0.84 0.81 0.79 0.76 0.76 0.87 0.81
Korea, Dem. Rep. 1.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Norway 0.00 0.00 0.03 0.03 0.05 0.01 0.04 0.00 0.00 0.02 0.06 0.04 0.03 0.01 0.01 0.00 0.00
Peru 0.53 0.45 0.53 0.60 0.63 0.67 0.69 0.68 0.60 0.55 0.64 0.57 0.55 0.54 0.53 0.60 0.61
Phillipines 0.56 0.49 0.54 0.54 0.54 0.61 0.55 0.54 0.46 0.46 0.54 0.52 0.49 0.48 0.48 0.47 0.50
Poland 0.32 0.33 0.36 0.39 0.39 0.43 0.40 0.41 0.38 0.35 0.40 0.35 0.35 0.33 0.31 0.29 0.30
Portugal 0.22 0.22 0.25 0.21 0.24 0.27 0.25 0.29 0.27 0.21 0.23 0.25 0.26 0.23 0.17 0.23 0.18
Russian Federation 0.65 0.68 0.70 0.60 0.62 0.65 0.66 0.65 0.57 0.54 0.63 0.63 0.63 0.61 0.59 0.55 0.59
Rwanda 0.82 0.72 0.67 0.75 0.71 0.70 0.77 0.60 0.52 0.49 0.57 0.53 0.49 0.52 0.50 0.53 0.54
Slovakia 0.37 0.36 0.37 0.37 0.36 0.32 0.28 0.28 0.30 0.25 0.31 0.30 0.29 0.29 0.29 0.27 0.29
South Africa 0.29 0.34 0.34 0.35 0.36 0.38 0.36 0.39 0.36 0.34 0.41 0.42 0.41 0.42 0.38 0.43 0.46
Korea, Rep. 0.35 0.41 0.33 0.29 0.30 0.31 0.26 0.24 0.19 0.21 0.24 0.20 0.18 0.19 0.20 0.19 0.24
Spain 0.10 0.08 0.06 0.05 0.05 0.20 0.14 0.28 0.24 0.24 0.29 0.26 0.24 0.22 0.19 0.19 0.20
Sri Lanka 0.58 0.61 0.60 0.53 0.58 0.66 0.61 0.57 0.50 0.49 0.56 0.56 0.54 0.56 0.56 0.50 0.53
Sweden 0.02 0.00 0.01 0.00 0.01 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Tajikistan 0.89 0.87 0.81 0.83 0.81 0.80 0.82 0.80 0.73 0.71 0.81 0.75 0.76 0.74 0.78 0.74 0.77
Thailand 0.44 0.47 0.46 0.44 0.43 0.46 0.42 0.42 0.39 0.40 0.46 0.47 0.46 0.45 0.44 0.43 0.43
Turkey 0.52 0.56 0.50 0.50 0.52 0.54 0.49 0.48 0.41 0.40 0.46 0.44 0.42 0.40 0.40 0.41 0.47
United Kingdom 0.04 0.02 0.04 0.05 0.07 0.06 0.07 0.06 0.09 0.07 0.14 0.12 0.11 0.11 0.11 0.06 0.04
Ukraine 0.69 0.72 0.70 0.68 0.67 0.69 0.69 0.67 0.63 0.63 0.74 0.71 0.72 0.65 0.67 0.63 0.68
United States 0.08 0.05 0.05 0.09 0.13 0.09 0.11 0.09 0.09 0.08 0.14 0.12 0.12 0.11 0.10 0.10 0.11
Venezuela, RB 0.70 0.70 0.70 0.77 0.76 0.82 0.77 0.81 0.72 0.73 0.78 0.80 0.82 0.80 0.79 0.88 0.88
Vietnam 0.63 0.59 0.62 0.63 0.63 0.67 0.59 0.58 0.53 0.51 0.60 0.58 0.57 0.58 0.57 0.54 0.51
Zambia 0.78 0.71 0.72 0.72 0.73 0.76 0.78 0.74 0.64 0.64 0.74 0.73 0.68 0.63 0.62 0.66 0.69
Zimbabwe 0.57 0.59 0.70 0.74 0.76 0.80 0.88 0.88 0.78 0.82 0.92 0.90 0.87 0.81 0.79 0.87 0.86
1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Max 2.02 1.99 2.03 2.03 2.12 2.14 1.99 1.94 2.03 1.94 2.05 2.01 1.97 1.94 1.89 1.82 1.86
Min -1.91 -2.04 -1.96 -1.92 -1.91 -1.73 -1.75 -1.76 -2.23 -2.26 -1.81 -1.88 -1.87 -1.93 -1.93 -1.65 -1.63
GE 1-Normalized Estimates
Minimum Maximum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.36 0.33 0.33 0.33 0.34 0.35 0.35 0.32 0.27 0.27 0.32 0.31 0.31 0.32 0.32 0.27 0.26
Beryllium
0.81 0.07 0.04 0.04 0.07 0.11 0.08 0.09 0.08 0.08 0.07 0.12 0.10 0.10 0.09 0.09 0.09 0.10
Chromium
0.33 0.13 0.14 0.14 0.14 0.14 0.15 0.14 0.15 0.14 0.13 0.15 0.16 0.15 0.16 0.15 0.16 0.17
Cobalt
0.28 0.25 0.26 0.26 0.25 0.25 0.25 0.25 0.26 0.24 0.23 0.26 0.25 0.25 0.25 0.24 0.26 0.27
Gallium
0.25 0.05 0.04 0.05 0.05 0.07 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.05 0.04
Germanium
0.59 0.37 0.34 0.34 0.34 0.34 0.35 0.36 0.33 0.29 0.29 0.33 0.32 0.32 0.33 0.33 0.29 0.28
Indium
0.32 0.17 0.15 0.15 0.15 0.15 0.16 0.16 0.14 0.12 0.12 0.14 0.14 0.14 0.14 0.14 0.12 0.12
Lead
0.41 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.06 0.06 0.08 0.08 0.08 0.08 0.08 0.07 0.07
Lithium
0.29 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Magnesium
0.51 0.29 0.26 0.27 0.27 0.27 0.28 0.28 0.25 0.22 0.21 0.25 0.25 0.25 0.25 0.25 0.22 0.21
Manganese
0.16 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Rare Earth Oxide
0.73 0.42 0.38 0.39 0.38 0.39 0.40 0.41 0.37 0.31 0.31 0.37 0.36 0.35 0.36 0.37 0.31 0.30
Graphite
0.48 0.27 0.25 0.25 0.25 0.26 0.26 0.27 0.24 0.21 0.20 0.24 0.23 0.23 0.24 0.24 0.21 0.20
Nickel
0.11 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Niobium
0.81 0.45 0.42 0.40 0.41 0.39 0.43 0.45 0.47 0.42 0.39 0.45 0.43 0.44 0.43 0.42 0.46 0.48
Platinum
0.35 0.08 0.09 0.09 0.10 0.10 0.11 0.10 0.10 0.10 0.09 0.11 0.11 0.11 0.11 0.10 0.19 0.19
Palladium
0.29 0.15 0.16 0.17 0.15 0.15 0.16 0.16 0.16 0.14 0.14 0.16 0.16 0.16 0.16 0.15 0.15 0.16
Rhenium
0.33 0.07 0.08 0.08 0.08 0.08 0.09 0.08 0.08 0.07 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.08
Silicon
0.44 0.25 0.23 0.23 0.23 0.24 0.24 0.25 0.22 0.19 0.19 0.22 0.22 0.22 0.22 0.22 0.19 0.18
Tantalum
0.32 0.26 0.24 0.22 0.24 0.23 0.23 0.25 0.20 0.18 0.17 0.20 0.18 0.17 0.18 0.17 0.18 0.19
Tellurium
0.41 0.13 0.13 0.13 0.11 0.12 0.13 0.12 0.12 0.12 0.11 0.13 0.13 0.12 0.12 0.11 0.26 0.27
Terbium
0.73 0.42 0.38 0.39 0.38 0.39 0.40 0.41 0.37 0.31 0.31 0.37 0.36 0.35 0.36 0.37 0.31 0.30
Tungsten





RQ Weighted HHI 




Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.62 0.59 0.29 -0.94 -0.72 -0.69 -0.57 -0.66 -0.70 -0.74 -0.85 -0.76 -0.72 -0.96 -0.99 -1.08 -0.96
Armenia -0.35 -0.11 -0.13 0.01 0.18 0.13 0.08 0.28 0.27 0.31 0.28 0.30 0.26 0.33 0.23 0.22 0.25
Austria 1.57 1.34 1.49 1.56 1.54 1.54 1.62 1.65 1.70 1.61 1.46 1.47 1.39 1.51 1.48 1.49 1.43
Australia 1.23 1.43 1.60 1.44 1.58 1.73 1.60 1.62 1.68 1.76 1.82 1.69 1.85 1.77 1.79 1.87 1.80
Belgium 1.19 1.02 1.18 1.28 1.29 1.37 1.25 1.32 1.42 1.39 1.32 1.29 1.24 1.22 1.29 1.17 1.28
Bhutan -0.44 -0.43 -0.37 -0.47 -0.01 -0.81 -0.43 -0.60 -0.73 -0.83 -1.10 -1.19 -1.18 -1.12 -1.10 -1.01 -0.71
Bolivia 0.22 0.25 0.09 -0.05 -0.06 -0.18 -0.63 -0.85 -0.96 -0.86 -0.86 -0.79 -0.74 -0.83 -0.79 -0.86 -0.91
Brazil 0.41 0.40 0.37 0.29 0.31 0.05 0.04 -0.03 -0.02 0.07 0.11 0.16 0.18 0.09 0.07 -0.07 -0.21
Myanmmar -1.77 -1.85 -2.06 -2.08 -2.04 -2.34 -2.19 -2.23 -2.23 -2.20 -2.25 -2.25 -2.13 -1.87 -1.51 -1.39 -1.26
Burundi -1.67 -1.59 -1.22 -1.32 -1.22 -1.20 -1.36 -1.21 -1.24 -1.23 -1.15 -1.10 -1.00 -0.96 -0.87 -0.71 -0.71
Canada 1.43 1.56 1.49 1.56 1.53 1.64 1.56 1.55 1.60 1.64 1.70 1.69 1.68 1.69 1.71 1.83 1.71
Chile 1.64 1.40 1.41 1.44 1.47 1.43 1.43 1.46 1.48 1.54 1.48 1.46 1.48 1.54 1.48 1.50 1.35
China -0.14 -0.26 -0.33 -0.53 -0.34 -0.28 -0.13 -0.18 -0.15 -0.13 -0.20 -0.22 -0.21 -0.26 -0.31 -0.27 -0.27
Colombia 0.08 0.05 0.14 0.02 -0.08 -0.02 0.06 0.13 0.24 0.26 0.15 0.26 0.37 0.39 0.39 0.50 0.45
Congo, Dem. Rep. -1.83 -2.41 -2.11 -1.51 -1.50 -1.59 -1.62 -1.32 -1.26 -1.30 -1.53 -1.58 -1.52 -1.51 -1.28 -1.36 -1.34
Cuba -1.23 -1.40 -1.28 -1.32 -1.49 -1.61 -1.43 -1.47 -1.59 -1.50 -1.63 -1.69 -1.65 -1.60 -1.62 -1.36 -1.25
Ethiopia -1.34 -1.18 -1.16 -1.24 -1.18 -0.96 -1.11 -0.97 -0.91 -0.84 -0.92 -0.85 -0.99 -1.07 -1.13 -1.07 -1.00
France 0.93 0.81 0.91 0.99 1.22 1.23 1.22 1.23 1.28 1.28 1.21 1.31 1.15 1.11 1.15 1.09 1.15
Gabon 0.06 0.14 -0.14 -0.19 -0.16 -0.46 -0.23 -0.48 -0.56 -0.65 -0.59 -0.57 -0.56 -0.51 -0.56 -0.79 -0.80
Germany 1.38 1.22 1.47 1.54 1.51 1.49 1.49 1.57 1.62 1.49 1.53 1.58 1.56 1.53 1.55 1.70 1.67
Ghana -0.38 -0.25 -0.10 -0.47 -0.28 -0.35 -0.11 -0.08 -0.06 -0.04 0.09 0.12 0.13 0.12 0.08 -0.01 -0.03
Greece 0.65 0.66 0.80 0.97 1.00 0.86 0.93 0.84 0.90 0.88 0.82 0.64 0.51 0.50 0.62 0.34 0.40
Iceland 1.06 1.27 1.56 1.51 1.64 1.64 1.61 1.55 1.51 1.33 1.00 0.88 1.01 1.06 1.09 1.21 1.27
India -0.44 -0.41 -0.16 -0.38 -0.36 -0.40 -0.24 -0.23 -0.27 -0.36 -0.30 -0.37 -0.33 -0.47 -0.47 -0.45 -0.39
Indonesia 0.19 -0.26 -0.18 -0.64 -0.78 -0.67 -0.54 -0.34 -0.32 -0.32 -0.33 -0.39 -0.33 -0.28 -0.20 -0.10 -0.21
Ireland 1.57 1.69 1.84 1.76 1.62 1.60 1.54 1.85 1.85 1.92 1.70 1.61 1.59 1.56 1.58 1.75 1.81
Japan 0.69 0.56 0.81 0.48 1.06 1.14 1.23 1.25 1.13 1.13 1.09 1.03 1.08 1.12 1.10 1.14 1.18
Kazakhstan -0.28 -0.37 -0.59 -0.73 -0.48 -0.49 -0.33 -0.36 -0.35 -0.30 -0.32 -0.34 -0.26 -0.39 -0.38 -0.27 -0.03
Madagascar -1.05 -0.82 -0.45 -0.28 -0.29 -0.32 -0.24 -0.17 -0.20 -0.32 -0.50 -0.56 -0.52 -0.58 -0.67 -0.69 -0.76
Malaysia 0.69 0.54 0.52 0.53 0.60 0.49 0.61 0.55 0.54 0.36 0.31 0.59 0.59 0.55 0.62 0.84 0.77
Mexico 0.39 0.28 0.29 0.46 0.38 0.44 0.28 0.39 0.37 0.33 0.23 0.26 0.29 0.47 0.46 0.43 0.40
Mozambique -0.54 -0.29 -0.16 -0.31 -0.52 -0.47 -0.65 -0.55 -0.54 -0.45 -0.39 -0.39 -0.42 -0.46 -0.41 -0.40 -0.49
New Caledonia
Nigeria -0.82 -0.93 -0.74 -1.23 -1.24 -1.32 -0.77 -0.89 -0.86 -0.78 -0.73 -0.71 -0.67 -0.72 -0.71 -0.81 -0.84
Korea, Dem. Rep. -2.38 -2.22 -2.22 -1.93 -2.10 -2.27 -2.25 -2.27 -2.28 -2.31 -2.40 -2.45 -2.46 -2.53 -2.52 -2.20 -2.34
Norway 1.49 1.42 1.12 1.23 1.29 1.45 1.45 1.23 1.33 1.38 1.47 1.51 1.60 1.53 1.65 1.64 1.63
Peru 0.70 0.67 0.47 0.03 0.18 0.23 0.08 0.16 0.28 0.35 0.40 0.46 0.48 0.49 0.45 0.52 0.49
Phillipines 0.26 0.34 0.16 -0.09 -0.03 -0.26 -0.12 -0.15 -0.10 -0.07 -0.09 -0.22 -0.21 -0.06 -0.07 -0.01 -0.04
Poland 0.65 0.68 0.73 0.75 0.72 0.81 0.81 0.71 0.77 0.82 0.95 0.99 0.94 0.96 1.05 1.06 1.00
Portugal 1.29 1.15 0.96 1.27 1.23 1.21 1.27 1.06 1.07 1.09 0.97 0.72 0.62 0.81 0.79 0.77 0.94
Russian Federation -0.28 -0.44 -0.56 -0.26 -0.18 -0.11 -0.18 -0.41 -0.29 -0.39 -0.35 -0.37 -0.36 -0.36 -0.37 -0.40 -0.52
Rwanda -1.47 -1.12 -1.05 -0.75 -0.74 -0.66 -0.94 -0.62 -0.64 -0.50 -0.31 -0.18 -0.13 -0.10 0.03 0.24 0.25
Slovakia 0.52 0.44 0.54 0.94 0.96 1.16 1.18 1.14 1.03 1.12 1.06 1.00 1.00 1.03 0.91 0.90 0.79
South Africa 0.34 0.27 0.40 0.63 0.78 0.67 0.67 0.71 0.53 0.50 0.40 0.36 0.41 0.38 0.41 0.30 0.30
Korea, Rep. 0.48 0.31 0.59 0.80 0.75 0.81 0.82 0.75 0.92 0.72 0.84 0.94 0.99 0.89 0.98 1.11 1.16
Spain 1.14 1.22 1.27 1.35 1.31 1.33 1.29 1.15 1.21 1.24 1.18 1.16 1.07 0.94 0.93 0.78 0.79
Sri Lanka 0.08 0.26 0.25 0.18 0.10 -0.04 -0.35 -0.25 -0.26 -0.35 -0.26 -0.20 -0.11 -0.12 -0.16 -0.08 -0.05
Sweden 1.32 1.19 1.38 1.62 1.62 1.69 1.51 1.44 1.58 1.64 1.67 1.67 1.91 1.89 1.89 1.80 1.81
Tajikistan -1.51 -1.39 -1.13 -1.31 -1.12 -1.07 -1.10 -1.09 -1.11 -1.07 -1.06 -1.01 -0.97 -1.01 -1.07 -1.01 -1.01
Thailand 0.21 0.15 0.49 0.16 0.37 0.25 0.46 0.25 0.15 0.24 0.24 0.19 0.21 0.23 0.21 0.27 0.30
Turkey 0.23 0.52 0.36 0.09 0.03 0.07 0.27 0.29 0.32 0.27 0.30 0.31 0.38 0.42 0.42 0.41 0.33
United Kingdom 2.02 2.01 1.85 1.74 1.67 1.76 1.62 1.84 1.85 1.77 1.59 1.74 1.66 1.64 1.77 1.83 1.86
Ukraine -0.32 -0.74 -0.52 -0.59 -0.56 -0.39 -0.50 -0.51 -0.43 -0.52 -0.57 -0.52 -0.61 -0.61 -0.64 -0.63 -0.58
United States 1.59 1.64 1.74 1.58 1.58 1.59 1.61 1.64 1.50 1.54 1.39 1.43 1.45 1.29 1.26 1.27 1.30
Venezuela, RB -0.18 -0.23 -0.49 -0.65 -1.03 -1.08 -1.13 -1.17 -1.41 -1.37 -1.58 -1.61 -1.47 -1.54 -1.64 -1.81 -1.86
Vietnam -0.53 -0.66 -0.72 -0.73 -0.56 -0.54 -0.57 -0.59 -0.53 -0.61 -0.62 -0.61 -0.59 -0.68 -0.65 -0.59 -0.50
Zambia -0.42 -0.12 -0.26 -0.61 -0.54 -0.51 -0.70 -0.62 -0.49 -0.45 -0.50 -0.48 -0.42 -0.43 -0.47 -0.49 -0.42


















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
86 
 









Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 -0.09 -0.17 -0.21 -0.34 -0.21 -0.18 -0.09 -0.12 -0.10 -0.09 -0.13 -0.14 -0.14 -0.17 -0.20 -0.17 -0.17
Beryllium
0.81 1.28 1.32 1.40 1.27 1.27 1.28 1.30 1.33 1.21 1.24 1.12 1.16 1.17 1.04 1.01 1.03 1.05
Chromium
0.33 0.11 0.09 0.12 0.18 0.22 0.19 0.20 0.21 0.16 0.15 0.13 0.11 0.13 0.12 0.12 0.10 0.10
Cobalt
0.28 -0.44 -0.59 -0.51 -0.36 -0.36 -0.38 -0.39 -0.31 -0.30 -0.31 -0.36 -0.38 -0.36 -0.36 -0.30 -0.32 -0.32
Gallium
0.25 0.31 0.29 0.30 0.30 0.29 0.30 0.30 0.32 0.33 0.31 0.30 0.31 0.31 0.30 0.31 0.33 0.33
Germanium
0.59 -0.01 -0.08 -0.12 -0.22 -0.12 -0.09 -0.01 -0.04 -0.02 -0.01 -0.05 -0.06 -0.05 -0.08 -0.10 -0.08 -0.08
Indium
0.32 0.00 -0.04 -0.05 -0.09 -0.04 -0.02 0.02 0.00 0.02 0.02 0.00 0.00 0.00 -0.01 -0.02 -0.01 -0.01
Lead
0.41 -0.01 -0.02 -0.03 -0.11 -0.07 -0.04 -0.01 -0.02 -0.01 0.00 -0.01 -0.02 -0.01 -0.02 -0.03 -0.02 -0.02
Lithium
0.29 0.38 0.37 0.39 0.36 0.39 0.40 0.39 0.39 0.40 0.42 0.42 0.40 0.43 0.42 0.42 0.43 0.40
Magnesium
0.51 -0.06 -0.13 -0.16 -0.26 -0.16 -0.13 -0.06 -0.09 -0.07 -0.06 -0.10 -0.10 -0.10 -0.12 -0.15 -0.13 -0.13
Manganese
0.16 0.06 0.06 0.07 0.07 0.09 0.08 0.09 0.09 0.08 0.08 0.07 0.06 0.07 0.07 0.07 0.06 0.06
Rare Earth Oxide
0.73 -0.09 -0.18 -0.23 -0.38 -0.24 -0.19 -0.09 -0.12 -0.10 -0.09 -0.14 -0.15 -0.15 -0.18 -0.22 -0.19 -0.19
Graphite
0.48 -0.07 -0.12 -0.15 -0.24 -0.16 -0.13 -0.06 -0.09 -0.07 -0.07 -0.10 -0.11 -0.10 -0.13 -0.15 -0.13 -0.13
Nickel
0.11 0.06 0.06 0.06 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05
Niobium
0.81 0.34 0.34 0.31 0.24 0.26 0.06 0.04 -0.02 -0.01 0.06 0.10 0.15 0.16 0.09 0.07 -0.05 -0.16
Platinum
0.35 0.22 0.21 0.24 0.30 0.33 0.32 0.31 0.32 0.28 0.28 0.26 0.25 0.26 0.25 0.26 0.25 0.24
Palladium
0.29 0.00 -0.03 -0.04 0.03 0.06 0.06 0.05 0.01 0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.03 -0.05
Rhenium
0.33 0.50 0.43 0.43 0.44 0.45 0.44 0.44 0.44 0.45 0.46 0.45 0.44 0.45 0.46 0.44 0.45 0.41
Silicon
0.44 -0.05 -0.11 -0.13 -0.22 -0.13 -0.11 -0.05 -0.07 -0.06 -0.05 -0.08 -0.09 -0.08 -0.10 -0.12 -0.11 -0.11
Tantalum
0.32 -0.45 -0.38 -0.35 -0.25 -0.25 -0.23 -0.31 -0.21 -0.22 -0.18 -0.13 -0.10 -0.08 -0.08 -0.04 0.02 0.02
Tellurium
0.41 0.28 0.28 0.24 0.31 0.32 0.36 0.33 0.29 0.32 0.31 0.33 0.33 0.33 0.33 0.33 0.35 0.30
Terbium
0.73 -0.09 -0.18 -0.23 -0.38 -0.24 -0.19 -0.09 -0.12 -0.10 -0.09 -0.14 -0.15 -0.15 -0.18 -0.22 -0.19 -0.19
Tungsten




RQ Normalized Estimates 
Table 34. RQ Normalized Estimates  
 
 
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.68 0.68 0.62 0.30 0.37 0.40 0.43 0.39 0.38 0.37 0.37 0.40 0.40 0.35 0.35 0.28 0.33
Armenia 0.46 0.52 0.51 0.54 0.60 0.60 0.60 0.62 0.62 0.62 0.64 0.66 0.62 0.65 0.62 0.59 0.62
Austria 0.90 0.85 0.91 0.95 0.97 0.95 1.00 0.95 0.96 0.93 0.92 0.94 0.88 0.91 0.91 0.91 0.90
Australia 0.82 0.87 0.94 0.92 0.98 0.99 0.99 0.94 0.96 0.96 1.00 0.99 0.99 0.97 0.98 1.00 0.99
Belgium 0.81 0.78 0.84 0.87 0.90 0.90 0.90 0.87 0.89 0.88 0.88 0.89 0.85 0.85 0.86 0.83 0.86
Bhutan 0.44 0.45 0.45 0.42 0.55 0.37 0.47 0.41 0.38 0.35 0.31 0.30 0.29 0.32 0.32 0.29 0.39
Bolivia 0.59 0.60 0.57 0.53 0.54 0.53 0.42 0.34 0.32 0.34 0.37 0.40 0.39 0.38 0.39 0.33 0.34
Brazil 0.63 0.64 0.64 0.62 0.64 0.58 0.59 0.54 0.55 0.56 0.60 0.62 0.60 0.59 0.59 0.52 0.51
Myanmmar 0.14 0.13 0.04 0.00 0.02 0.00 0.02 0.01 0.01 0.02 0.04 0.05 0.08 0.15 0.23 0.20 0.26
Burundi 0.16 0.19 0.25 0.20 0.23 0.28 0.23 0.26 0.25 0.26 0.30 0.32 0.33 0.35 0.37 0.37 0.39
Canada 0.86 0.90 0.91 0.95 0.96 0.97 0.98 0.93 0.94 0.93 0.97 0.99 0.95 0.96 0.96 0.99 0.96
Chile 0.91 0.86 0.89 0.92 0.95 0.92 0.95 0.90 0.91 0.91 0.92 0.93 0.90 0.92 0.91 0.91 0.88
China 0.51 0.49 0.47 0.40 0.47 0.50 0.55 0.51 0.52 0.51 0.52 0.53 0.51 0.51 0.50 0.48 0.49
Colombia 0.56 0.56 0.58 0.55 0.54 0.57 0.60 0.58 0.61 0.61 0.61 0.65 0.65 0.66 0.66 0.66 0.67
Congo, Dem. Rep. 0.12 0.00 0.03 0.15 0.16 0.18 0.16 0.23 0.25 0.24 0.21 0.21 0.22 0.23 0.28 0.21 0.24
Cuba 0.26 0.23 0.23 0.20 0.16 0.18 0.21 0.19 0.17 0.19 0.18 0.18 0.18 0.21 0.20 0.21 0.26
Ethiopia 0.24 0.28 0.26 0.22 0.25 0.34 0.30 0.32 0.33 0.35 0.35 0.38 0.34 0.33 0.31 0.28 0.32
France 0.75 0.73 0.77 0.80 0.88 0.87 0.90 0.85 0.86 0.85 0.86 0.90 0.83 0.82 0.83 0.81 0.83
Gabon 0.55 0.58 0.51 0.49 0.51 0.46 0.52 0.44 0.42 0.39 0.43 0.45 0.43 0.46 0.44 0.35 0.37
Germany 0.85 0.82 0.91 0.94 0.96 0.93 0.97 0.93 0.94 0.90 0.93 0.96 0.92 0.92 0.92 0.96 0.95
Ghana 0.45 0.49 0.52 0.42 0.48 0.49 0.55 0.53 0.54 0.54 0.59 0.61 0.59 0.60 0.59 0.54 0.55
Greece 0.69 0.69 0.74 0.79 0.82 0.78 0.82 0.76 0.77 0.75 0.76 0.74 0.68 0.68 0.71 0.63 0.65
Iceland 0.78 0.83 0.93 0.94 0.99 0.97 1.00 0.93 0.92 0.86 0.81 0.80 0.79 0.81 0.82 0.84 0.86
India 0.44 0.45 0.51 0.44 0.46 0.47 0.52 0.49 0.49 0.46 0.50 0.50 0.49 0.46 0.46 0.43 0.46
Indonesia 0.58 0.49 0.50 0.37 0.35 0.41 0.44 0.47 0.47 0.47 0.49 0.49 0.49 0.51 0.53 0.52 0.51
Ireland 0.90 0.93 1.00 1.00 0.99 0.96 0.98 1.00 1.00 1.00 0.97 0.97 0.93 0.92 0.93 0.97 0.99
Japan 0.70 0.67 0.75 0.67 0.84 0.85 0.90 0.85 0.83 0.81 0.83 0.83 0.81 0.83 0.82 0.82 0.84
Kazakhstan 0.48 0.46 0.40 0.35 0.43 0.45 0.50 0.46 0.47 0.47 0.49 0.50 0.50 0.48 0.48 0.48 0.55
Madagascar 0.30 0.36 0.44 0.47 0.48 0.49 0.52 0.51 0.50 0.47 0.45 0.45 0.44 0.44 0.42 0.37 0.38
Malaysia 0.70 0.67 0.67 0.68 0.72 0.69 0.74 0.69 0.68 0.63 0.64 0.73 0.70 0.70 0.71 0.75 0.74
Mexico 0.63 0.61 0.62 0.66 0.66 0.68 0.65 0.65 0.64 0.62 0.63 0.65 0.63 0.68 0.68 0.65 0.65
Mozambique 0.42 0.48 0.51 0.46 0.42 0.46 0.41 0.42 0.42 0.44 0.48 0.49 0.47 0.47 0.48 0.44 0.44
New Caledonia 0.54 0.55 0.55 0.54 0.56 0.57 0.58 0.55 0.55 0.55 0.57 0.58 0.56 0.57 0.57 0.54 0.56
Nigeria 0.35 0.34 0.36 0.22 0.23 0.25 0.38 0.34 0.34 0.36 0.40 0.41 0.41 0.41 0.41 0.34 0.36
Korea, Dem. Rep. 0.00 0.04 0.00 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Norway 0.88 0.87 0.82 0.86 0.90 0.93 0.96 0.85 0.87 0.87 0.92 0.95 0.93 0.92 0.95 0.94 0.95
Peru 0.70 0.70 0.66 0.55 0.60 0.63 0.60 0.59 0.62 0.63 0.66 0.70 0.67 0.68 0.67 0.67 0.68
Phillipines 0.60 0.62 0.58 0.52 0.55 0.51 0.55 0.51 0.53 0.53 0.55 0.53 0.51 0.56 0.55 0.54 0.55
Poland 0.69 0.70 0.73 0.74 0.75 0.77 0.79 0.72 0.74 0.74 0.80 0.82 0.78 0.79 0.81 0.80 0.80
Portugal 0.83 0.81 0.78 0.87 0.88 0.87 0.91 0.81 0.81 0.80 0.80 0.76 0.70 0.76 0.75 0.73 0.78
Russian Federation 0.48 0.45 0.41 0.47 0.51 0.54 0.54 0.45 0.48 0.45 0.49 0.50 0.48 0.49 0.49 0.44 0.43
Rwanda 0.21 0.29 0.29 0.35 0.36 0.41 0.34 0.40 0.40 0.43 0.50 0.54 0.53 0.55 0.58 0.60 0.62
Slovakia 0.66 0.64 0.68 0.79 0.81 0.85 0.89 0.83 0.80 0.81 0.82 0.82 0.79 0.81 0.78 0.76 0.75
South Africa 0.62 0.61 0.65 0.71 0.76 0.73 0.75 0.72 0.68 0.66 0.66 0.67 0.66 0.66 0.66 0.61 0.63
Korea, Rep. 0.65 0.62 0.69 0.75 0.76 0.77 0.79 0.73 0.77 0.72 0.77 0.81 0.79 0.77 0.79 0.81 0.83
Spain 0.80 0.82 0.86 0.89 0.91 0.90 0.92 0.83 0.84 0.84 0.85 0.86 0.81 0.79 0.78 0.73 0.74
Sri Lanka 0.56 0.61 0.61 0.59 0.58 0.56 0.49 0.49 0.49 0.46 0.51 0.54 0.54 0.55 0.53 0.52 0.54
Sweden 0.84 0.82 0.89 0.96 0.99 0.98 0.97 0.90 0.93 0.93 0.97 0.98 1.00 1.00 1.00 0.98 0.99
Tajikistan 0.20 0.23 0.27 0.20 0.26 0.31 0.30 0.29 0.28 0.29 0.32 0.34 0.34 0.34 0.33 0.29 0.32
Thailand 0.59 0.58 0.67 0.58 0.66 0.63 0.70 0.61 0.59 0.60 0.63 0.63 0.61 0.62 0.62 0.61 0.63
Turkey 0.59 0.66 0.64 0.56 0.57 0.59 0.65 0.62 0.63 0.61 0.64 0.66 0.65 0.67 0.67 0.64 0.64
United Kingdom 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 0.96 0.95 1.00 0.94 0.94 0.97 0.99 1.00
Ukraine 0.47 0.38 0.42 0.39 0.41 0.48 0.45 0.43 0.45 0.42 0.43 0.46 0.42 0.43 0.43 0.39 0.42
United States 0.90 0.92 0.97 0.95 0.98 0.96 1.00 0.95 0.91 0.91 0.90 0.93 0.89 0.86 0.86 0.85 0.87
Venezuela, RB 0.50 0.49 0.43 0.37 0.28 0.31 0.29 0.27 0.21 0.22 0.20 0.20 0.23 0.22 0.20 0.10 0.11
Vietnam 0.42 0.40 0.37 0.35 0.41 0.44 0.43 0.41 0.42 0.40 0.42 0.44 0.43 0.42 0.42 0.40 0.44
Zambia 0.44 0.52 0.48 0.38 0.41 0.45 0.40 0.40 0.43 0.44 0.45 0.47 0.47 0.47 0.47 0.42 0.46
Zimbabwe 0.32 0.37 0.19 0.03 0.03 0.08 0.01 0.08 0.03 0.05 0.07 0.09 0.12 0.16 0.16 0.07 0.16
1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 2.02 2.01 1.85 1.76 1.67 1.76 1.62 1.85 1.85 1.92 1.82 1.74 1.91 1.89 1.89 1.87 1.86
Minimum -2.38 -2.41 -2.22 -2.08 -2.10 -2.34 -2.25 -2.27 -2.28 -2.31 -2.40 -2.45 -2.46 -2.53 -2.52 -2.20 -2.34
RQ Normalized Estimates

















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries












Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.32 0.30 0.29 0.25 0.29 0.31 0.34 0.32 0.32 0.32 0.33 0.33 0.32 0.32 0.31 0.30 0.31
Beryllium
0.81 0.73 0.74 0.79 0.77 0.79 0.78 0.81 0.77 0.74 0.74 0.73 0.75 0.73 0.70 0.70 0.69 0.70
Chromium
0.33 0.21 0.21 0.22 0.23 0.25 0.24 0.25 0.24 0.23 0.22 0.22 0.22 0.22 0.22 0.22 0.21 0.21
Cobalt
0.28 0.05 0.02 0.03 0.06 0.06 0.07 0.06 0.08 0.08 0.08 0.07 0.07 0.07 0.08 0.09 0.07 0.08
Gallium
0.25 0.21 0.20 0.21 0.21 0.22 0.22 0.22 0.22 0.22 0.21 0.22 0.22 0.21 0.21 0.21 0.22 0.22
Germanium
0.59 0.33 0.32 0.31 0.27 0.31 0.33 0.35 0.33 0.33 0.33 0.34 0.34 0.33 0.33 0.33 0.31 0.32
Indium
0.32 0.17 0.16 0.16 0.15 0.17 0.18 0.19 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.17 0.17
Lead
0.41 0.13 0.13 0.13 0.13 0.16 0.16 0.18 0.16 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.13 0.14
Lithium
0.29 0.24 0.24 0.25 0.25 0.26 0.26 0.27 0.26 0.26 0.26 0.26 0.27 0.26 0.26 0.26 0.26 0.26
Magnesium
0.51 0.26 0.25 0.24 0.21 0.24 0.26 0.28 0.26 0.26 0.26 0.27 0.27 0.26 0.26 0.26 0.24 0.25
Manganese
0.16 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.10 0.10 0.11 0.11 0.10 0.10 0.10 0.10 0.10
Rare Earth Oxide
0.73 0.37 0.36 0.34 0.30 0.34 0.37 0.40 0.37 0.38 0.38 0.38 0.39 0.38 0.38 0.37 0.35 0.36
Graphite
0.48 0.24 0.23 0.22 0.19 0.22 0.24 0.26 0.24 0.25 0.24 0.25 0.25 0.25 0.24 0.24 0.23 0.23
Nickel
0.11 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Niobium
0.81 0.52 0.52 0.52 0.50 0.52 0.48 0.49 0.45 0.45 0.46 0.49 0.51 0.49 0.49 0.48 0.43 0.42
Platinum
0.35 0.24 0.24 0.25 0.27 0.29 0.28 0.29 0.27 0.26 0.26 0.26 0.27 0.26 0.26 0.26 0.25 0.25
Palladium
0.29 0.16 0.16 0.15 0.17 0.18 0.19 0.19 0.17 0.17 0.16 0.17 0.17 0.17 0.17 0.17 0.16 0.16
Rhenium
0.33 0.29 0.28 0.29 0.29 0.30 0.30 0.31 0.29 0.29 0.29 0.29 0.30 0.29 0.29 0.29 0.29 0.28
Silicon
0.44 0.23 0.22 0.21 0.18 0.21 0.23 0.24 0.23 0.23 0.23 0.23 0.24 0.23 0.23 0.22 0.21 0.22
Tantalum
0.32 0.07 0.09 0.09 0.11 0.11 0.13 0.11 0.12 0.12 0.13 0.15 0.16 0.16 0.16 0.17 0.18 0.18
Tellurium
0.41 0.29 0.29 0.29 0.30 0.32 0.32 0.33 0.30 0.31 0.30 0.31 0.32 0.31 0.31 0.31 0.31 0.30
Terbium
0.73 0.37 0.36 0.34 0.30 0.34 0.37 0.40 0.37 0.38 0.38 0.38 0.39 0.38 0.38 0.37 0.35 0.36
Tungsten





RQ 1 - Normalized Estimates 
Table 37. RQ 1 - Normalized Estimates 
 
Country 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.32 0.32 0.38 0.70 0.63 0.60 0.57 0.61 0.62 0.63 0.63 0.60 0.60 0.65 0.65 0.72 0.67
Armenia 0.54 0.48 0.49 0.46 0.40 0.40 0.40 0.38 0.38 0.38 0.36 0.34 0.38 0.35 0.38 0.41 0.38
Austria 0.10 0.15 0.09 0.05 0.03 0.05 0.00 0.05 0.04 0.07 0.08 0.06 0.12 0.09 0.09 0.09 0.10
Australia 0.18 0.13 0.06 0.08 0.02 0.01 0.01 0.06 0.04 0.04 0.00 0.01 0.01 0.03 0.02 0.00 0.01
Belgium 0.19 0.22 0.16 0.13 0.10 0.10 0.10 0.13 0.11 0.12 0.12 0.11 0.15 0.15 0.14 0.17 0.14
Bhutan 0.56 0.55 0.55 0.58 0.45 0.63 0.53 0.59 0.62 0.65 0.69 0.70 0.71 0.68 0.68 0.71 0.61
Bolivia 0.41 0.40 0.43 0.47 0.46 0.47 0.58 0.66 0.68 0.66 0.63 0.60 0.61 0.62 0.61 0.67 0.66
Brazil 0.37 0.36 0.36 0.38 0.36 0.42 0.41 0.46 0.45 0.44 0.40 0.38 0.40 0.41 0.41 0.48 0.49
Myanmmar 0.86 0.87 0.96 1.00 0.98 1.00 0.98 0.99 0.99 0.98 0.96 0.95 0.92 0.85 0.77 0.80 0.74
Burundi 0.84 0.81 0.75 0.80 0.77 0.72 0.77 0.74 0.75 0.74 0.70 0.68 0.67 0.65 0.63 0.63 0.61
Canada 0.14 0.10 0.09 0.05 0.04 0.03 0.02 0.07 0.06 0.07 0.03 0.01 0.05 0.04 0.04 0.01 0.04
Chile 0.09 0.14 0.11 0.08 0.05 0.08 0.05 0.10 0.09 0.09 0.08 0.07 0.10 0.08 0.09 0.09 0.12
China 0.49 0.51 0.53 0.60 0.53 0.50 0.45 0.49 0.48 0.49 0.48 0.47 0.49 0.49 0.50 0.52 0.51
Colombia 0.44 0.44 0.42 0.45 0.46 0.43 0.40 0.42 0.39 0.39 0.39 0.35 0.35 0.34 0.34 0.34 0.33
Congo, Dem. Rep. 0.88 1.00 0.97 0.85 0.84 0.82 0.84 0.77 0.75 0.76 0.79 0.79 0.78 0.77 0.72 0.79 0.76
Cuba 0.74 0.77 0.77 0.80 0.84 0.82 0.79 0.81 0.83 0.81 0.82 0.82 0.82 0.79 0.80 0.79 0.74
Ethiopia 0.76 0.72 0.74 0.78 0.75 0.66 0.70 0.68 0.67 0.65 0.65 0.62 0.66 0.67 0.69 0.72 0.68
France 0.25 0.27 0.23 0.20 0.12 0.13 0.10 0.15 0.14 0.15 0.14 0.10 0.17 0.18 0.17 0.19 0.17
Gabon 0.45 0.42 0.49 0.51 0.49 0.54 0.48 0.56 0.58 0.61 0.57 0.55 0.57 0.54 0.56 0.65 0.63
Germany 0.15 0.18 0.09 0.06 0.04 0.07 0.03 0.07 0.06 0.10 0.07 0.04 0.08 0.08 0.08 0.04 0.05
Ghana 0.55 0.51 0.48 0.58 0.52 0.51 0.45 0.47 0.46 0.46 0.41 0.39 0.41 0.40 0.41 0.46 0.45
Greece 0.31 0.31 0.26 0.21 0.18 0.22 0.18 0.24 0.23 0.25 0.24 0.26 0.32 0.32 0.29 0.37 0.35
Iceland 0.22 0.17 0.07 0.06 0.01 0.03 0.00 0.07 0.08 0.14 0.19 0.20 0.21 0.19 0.18 0.16 0.14
India 0.56 0.55 0.49 0.56 0.54 0.53 0.48 0.51 0.51 0.54 0.50 0.50 0.51 0.54 0.54 0.57 0.54
Indonesia 0.42 0.51 0.50 0.63 0.65 0.59 0.56 0.53 0.53 0.53 0.51 0.51 0.51 0.49 0.47 0.48 0.49
Ireland 0.10 0.07 0.00 0.00 0.01 0.04 0.02 0.00 0.00 0.00 0.03 0.03 0.07 0.08 0.07 0.03 0.01
Japan 0.30 0.33 0.25 0.33 0.16 0.15 0.10 0.15 0.17 0.19 0.17 0.17 0.19 0.17 0.18 0.18 0.16
Kazakhstan 0.52 0.54 0.60 0.65 0.57 0.55 0.50 0.54 0.53 0.53 0.51 0.50 0.50 0.52 0.52 0.52 0.45
Madagascar 0.70 0.64 0.56 0.53 0.52 0.51 0.48 0.49 0.50 0.53 0.55 0.55 0.56 0.56 0.58 0.63 0.62
Malaysia 0.30 0.33 0.33 0.32 0.28 0.31 0.26 0.31 0.32 0.37 0.36 0.27 0.30 0.30 0.29 0.25 0.26
Mexico 0.37 0.39 0.38 0.34 0.34 0.32 0.35 0.35 0.36 0.38 0.37 0.35 0.37 0.32 0.32 0.35 0.35
Mozambique 0.58 0.52 0.49 0.54 0.58 0.54 0.59 0.58 0.58 0.56 0.52 0.51 0.53 0.53 0.52 0.56 0.56
New Caledonia 0.46 0.45 0.45 0.46 0.44 0.43 0.42 0.45 0.45 0.45 0.43 0.42 0.44 0.43 0.43 0.46 0.44
Nigeria 0.65 0.66 0.64 0.78 0.77 0.75 0.62 0.66 0.66 0.64 0.60 0.59 0.59 0.59 0.59 0.66 0.64
Korea, Dem. Rep. 1.00 0.96 1.00 0.96 1.00 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Norway 0.12 0.13 0.18 0.14 0.10 0.07 0.04 0.15 0.13 0.13 0.08 0.05 0.07 0.08 0.05 0.06 0.05
Peru 0.30 0.30 0.34 0.45 0.40 0.37 0.40 0.41 0.38 0.37 0.34 0.30 0.33 0.32 0.33 0.33 0.32
Phillipines 0.40 0.38 0.42 0.48 0.45 0.49 0.45 0.49 0.47 0.47 0.45 0.47 0.49 0.44 0.45 0.46 0.45
Poland 0.31 0.30 0.27 0.26 0.25 0.23 0.21 0.28 0.26 0.26 0.20 0.18 0.22 0.21 0.19 0.20 0.20
Portugal 0.17 0.19 0.22 0.13 0.12 0.13 0.09 0.19 0.19 0.20 0.20 0.24 0.30 0.24 0.25 0.27 0.22
Russian Federation 0.52 0.55 0.59 0.53 0.49 0.46 0.46 0.55 0.52 0.55 0.51 0.50 0.52 0.51 0.51 0.56 0.57
Rwanda 0.79 0.71 0.71 0.65 0.64 0.59 0.66 0.60 0.60 0.57 0.50 0.46 0.47 0.45 0.42 0.40 0.38
Slovakia 0.34 0.36 0.32 0.21 0.19 0.15 0.11 0.17 0.20 0.19 0.18 0.18 0.21 0.19 0.22 0.24 0.25
South Africa 0.38 0.39 0.35 0.29 0.24 0.27 0.25 0.28 0.32 0.34 0.34 0.33 0.34 0.34 0.34 0.39 0.37
Korea, Rep. 0.35 0.38 0.31 0.25 0.24 0.23 0.21 0.27 0.23 0.28 0.23 0.19 0.21 0.23 0.21 0.19 0.17
Spain 0.20 0.18 0.14 0.11 0.09 0.10 0.08 0.17 0.16 0.16 0.15 0.14 0.19 0.21 0.22 0.27 0.26
Sri Lanka 0.44 0.39 0.39 0.41 0.42 0.44 0.51 0.51 0.51 0.54 0.49 0.46 0.46 0.45 0.47 0.48 0.46
Sweden 0.16 0.18 0.11 0.04 0.01 0.02 0.03 0.10 0.07 0.07 0.03 0.02 0.00 0.00 0.00 0.02 0.01
Tajikistan 0.80 0.77 0.73 0.80 0.74 0.69 0.70 0.71 0.72 0.71 0.68 0.66 0.66 0.66 0.67 0.71 0.68
Thailand 0.41 0.42 0.33 0.42 0.34 0.37 0.30 0.39 0.41 0.40 0.37 0.37 0.39 0.38 0.38 0.39 0.37
Turkey 0.41 0.34 0.36 0.44 0.43 0.41 0.35 0.38 0.37 0.39 0.36 0.34 0.35 0.33 0.33 0.36 0.36
United Kingdom 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.05 0.00 0.06 0.06 0.03 0.01 0.00
Ukraine 0.53 0.62 0.58 0.61 0.59 0.52 0.55 0.57 0.55 0.58 0.57 0.54 0.58 0.57 0.57 0.61 0.58
United States 0.10 0.08 0.03 0.05 0.02 0.04 0.00 0.05 0.09 0.09 0.10 0.07 0.11 0.14 0.14 0.15 0.13
Venezuela, RB 0.50 0.51 0.57 0.63 0.72 0.69 0.71 0.73 0.79 0.78 0.80 0.80 0.77 0.78 0.80 0.90 0.89
Vietnam 0.58 0.60 0.63 0.65 0.59 0.56 0.57 0.59 0.58 0.60 0.58 0.56 0.57 0.58 0.58 0.60 0.56
Zambia 0.56 0.48 0.52 0.62 0.59 0.55 0.60 0.60 0.57 0.56 0.55 0.53 0.53 0.53 0.53 0.58 0.54
Zimbabwe 0.68 0.63 0.81 0.97 0.97 0.92 0.99 0.92 0.97 0.95 0.93 0.91 0.88 0.84 0.84 0.93 0.84
1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 2.02 2.01 1.85 1.76 1.67 1.76 1.62 1.85 1.85 1.92 1.82 1.74 1.91 1.89 1.89 1.87 1.86
Minimum -2.38 -2.41 -2.22 -2.08 -2.10 -2.34 -2.25 -2.27 -2.28 -2.31 -2.40 -2.45 -2.46 -2.53 -2.52 -2.20 -2.34
RQ 1 - Normalized Estimates
















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries




Table 39. RQ weighted HHI with 1 - Normalized Estimates 
 
PPI Weighted HHI 
For PPI, similar calculations are performed. However, where there is no country data, a 1 is used 





Material HHI 1996 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.31 0.32 0.34 0.38 0.34 0.31 0.29 0.31 0.31 0.31 0.30 0.30 0.31 0.31 0.31 0.33 0.32
Beryllium
0.81 0.08 0.07 0.02 0.04 0.02 0.04 0.00 0.04 0.07 0.08 0.08 0.06 0.09 0.11 0.12 0.12 0.11
Chromium
0.33 0.15 0.15 0.14 0.13 0.11 0.12 0.11 0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.15 0.14
Cobalt
0.28 0.23 0.26 0.26 0.23 0.22 0.22 0.22 0.21 0.20 0.20 0.21 0.21 0.21 0.21 0.19 0.21 0.20
Gallium
0.25 0.06 0.06 0.05 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.04
Germanium
0.59 0.32 0.33 0.34 0.38 0.34 0.32 0.30 0.32 0.32 0.32 0.31 0.31 0.32 0.32 0.32 0.34 0.33
Indium
0.32 0.15 0.15 0.15 0.17 0.15 0.14 0.13 0.14 0.14 0.14 0.14 0.13 0.14 0.14 0.14 0.15 0.14
Lead
0.41 0.07 0.08 0.07 0.07 0.05 0.05 0.04 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.08 0.07
Lithium
0.29 0.05 0.05 0.04 0.04 0.03 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03
Magnesium
0.51 0.25 0.26 0.27 0.30 0.27 0.25 0.23 0.25 0.24 0.24 0.24 0.23 0.24 0.24 0.25 0.26 0.26
Manganese
0.16 0.06 0.06 0.06 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06
Rare Earth Oxide
0.73 0.36 0.37 0.39 0.43 0.39 0.36 0.33 0.36 0.35 0.35 0.35 0.34 0.35 0.35 0.36 0.38 0.37
Graphite
0.48 0.23 0.24 0.25 0.28 0.25 0.24 0.22 0.23 0.23 0.23 0.23 0.22 0.23 0.23 0.24 0.25 0.24
Nickel
0.11 0.06 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Niobium
0.81 0.30 0.29 0.29 0.31 0.29 0.34 0.33 0.37 0.37 0.35 0.33 0.30 0.32 0.33 0.33 0.39 0.40
Platinum
0.35 0.11 0.11 0.10 0.08 0.07 0.07 0.07 0.08 0.09 0.10 0.09 0.09 0.10 0.09 0.09 0.10 0.10
Palladium
0.29 0.14 0.15 0.15 0.13 0.12 0.11 0.11 0.13 0.13 0.14 0.13 0.13 0.13 0.13 0.13 0.15 0.15
Rhenium
0.33 0.04 0.05 0.05 0.04 0.03 0.04 0.03 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.05
Silicon
0.44 0.22 0.23 0.24 0.26 0.23 0.22 0.20 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.22 0.23 0.22
Tantalum
0.32 0.25 0.23 0.23 0.21 0.21 0.19 0.21 0.19 0.19 0.19 0.17 0.16 0.16 0.15 0.14 0.14 0.14
Tellurium
0.41 0.13 0.12 0.13 0.11 0.10 0.09 0.09 0.12 0.11 0.11 0.10 0.09 0.11 0.10 0.10 0.10 0.11
Terbium
0.73 0.36 0.37 0.39 0.43 0.39 0.36 0.33 0.36 0.35 0.35 0.35 0.34 0.35 0.35 0.36 0.38 0.37
Tungsten




Table 40. PPI Raw Scores 
 
Country 2010 2011 2012 2013 2014 2015
Argentina 32.44 31.275 44.276 27.75 47.61 38.465
Armenia 1 1 1 1 1 1
Austria 1 1 1 1 1 1
Australia 63.99 69.02 66.08 76.61 70.47 80.25
Belgium 1.00 1 1 1 1.00 1.00
Bhutan 1.00 1 1 1 1 1
Bolivia 9.13 8.14 13.79 16.50 20.13 36.40
Brazil 43.20 43.29 38.19 39.12 33.01 56.57
Myanmar 1.00 1 1 37.86 47.06 17.31
Burundi 1.00 1 1 1 1 1
Canada 69.93 77.23 77.36 75.10 78.98 82.78
Chile 81.32 75.30 67.67 70.86 72.23 83.50
China 30.90 43.08 28.51 21.30 20.73 46.22
Colombia 51.24 37.99 34.41 31.86 41.99 53.75
Democratic Republic of Congo 7.77 19.94 12.33 23.88 27.85 42.74
Cuba 1 1 1 1 1 1
Ethiopia 1 1 1 27.84 13.15 70.27
France 1 1 1 76.93 63.59 70.07
Gabon 1 1 1 1 1 1
Germany 1 1 1 1 1 1
Ghana 45.14 52.88 48.15 60.60 57.97 69.09
Greece 1 1 15.55 21.30 35.45 38.57
Iceland 1 1 1 1 1 1
India 10.59 12.41 21.10 40.02 47.45 47.61
Indonesia 22.53 13.48 9.38 15.30 15.83 40.41
Ireland 72.61 82.98 89.71 93.38 95.99 100.00
Japan 1 1 1 1 1 1
Kazakhstan 30.38 17.03 23.27 22.08 42.39 70.00
Madagascar 15.63 41.96 16.55 15.60 34.07 52.10
Malaysia 1 1 1 37.32 5.23 61.10
Mexico 54.65 58.79 57.28 56.52 52.02 71.14
Mozambique 1 1 1 29.94 33.41 51.72
New Caledonia
Nigeria 1 1 1 30.54 10.63 1.00
North Korea 1 1 1 1 1 1
Norway 67.31 71.98 82.40 84.96 76.93 89.19
Peru 43.63 43.37 42.05 48.48 53.88 66.80
Phillipines 27.31 13.02 14.01 9.48 5.23 41.48
Poland 1 51.24 42.71 44.70 40.56 78.43
Portugal 1 1 1 61.32 63.54 89.56
Russia 23.13 24.56 28.11 19.44 30.49 52.15
Rwanda 1 1 1 1 1 1
Slovakia 1 1 1 1 1 1
South Africa 23.37 44.53 34.97 39.78 44.47 51.91
South Korea 1 1 1 1 1 1
Spain 52.87 57.56 54.55 59.04 33.13 78.29
Sri Lanka 1 1 1 1 1 1
Sweden 82.25 85.48 93.63 95.17 92.51 96.45
Tajikistan 1 1 1 1 1 1
Thailand 1 1 1 53.22 52.33 1.00
Turkey 34.66 40.99 49.71 65.16 44.15 71.46
UK 1 1 1 1 1 1
Ukraine 1 1 1 1 1 1
United States 57.60 66.23 65.83 71.81 69.08 83.18
Venezuela 1.28 10.91 11.83 6.48 15.35 1.00
Vietnam 35.51 14.39 11.64 44.34 26.04 34.91
Zambia 34.91 46.08 41.69 48.00 52.35 62.69

















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
95 
 





Material HHI 2010/2011 PPI HHI 2011/2012 PPI HHI 2012/2013 PPI HHI 2013 PPI HHI 2014 PPI HHI 2015 PPI HHI
Antimony
0.63 19.17 26.70 17.71 13.36 13.06 28.78
Beryllium
0.81 46.71 53.76 53.35 58.16 55.95 67.49
Chromium
0.33 7.21 12.68 10.39 11.96 13.54 16.24
Cobalt
0.28 2.73 5.87 3.90 6.75 7.76 11.75
Gallium
0.25 1.81 2.38 1.74 1.41 1.40 2.54
Germanium
0.59 16.52 23.00 15.25 11.41 11.11 24.69
Indium
0.32 8.63 11.88 8.05 6.40 6.23 12.99
Lead
0.41 13.56 18.33 12.72 10.23 9.90 19.97
Lithium
0.29 19.87 19.98 18.39 19.97 19.45 22.66
Magnesium
0.51 15.57 21.62 14.43 10.88 10.55 23.38
Manganese
0.16 4.85 6.89 5.66 6.18 6.29 8.08
Rare Earth Oxide
0.73 22.71 31.59 21.02 15.83 15.41 33.98
Graphite
0.48 14.36 19.87 13.50 10.68 10.55 22.12
Nickel
0.11 2.81 2.41 2.36 2.23 2.21 4.12
Niobium
0.81 35.36 35.49 31.37 32.11 27.20 46.24
Platinum
0.35 12.99 18.76 16.53 17.34 18.97 21.42
Palladium
0.29 7.38 9.84 9.51 8.42 10.90 15.70
Rhenium
0.33 24.88 23.35 21.29 22.19 22.81 26.85
Silicon
0.44 13.63 18.85 12.71 9.63 9.45 20.52
Tantalum
0.32 0.90 1.30 1.00 1.60 1.62 2.44
Tellurium
0.41 19.80 21.69 22.35 20.31 23.14 27.83
Terbium
0.73 22.71 31.59 21.02 15.83 15.41 33.98
Tungsten




PPI Normalized Estimates 
Table 43. PPI Normalized Estimates  
 
Country 2010/2011 2011/2012 2012/2013 2013 2014 2015
Argentina 0.39 0.36 0.47 0.28 0.49 0.38
Armenia 0.00 0.00 0.00 0.00 0.00 0.00
Austria 0.00 0.00 0.00 0.00 0.00 0.00
Australia 0.78 0.81 0.70 0.80 0.73 0.80
Belgium 0.00 0.00 0.00 0.00 0.00 0.00
Bhutan 0.00 0.00 0.00 0.00 0.00 0.00
Bolivia 0.10 0.08 0.14 0.16 0.20 0.36
Brazil 0.52 0.50 0.40 0.40 0.34 0.56
Myanmar 0.00 0.00 0.00 0.39 0.48 0.16
Burundi 0.00 0.00 0.00 0.00 0.00 0.00
Canada 0.85 0.90 0.82 0.79 0.82 0.83
Chile 0.99 0.88 0.72 0.74 0.75 0.83
China 0.37 0.50 0.30 0.22 0.21 0.46
Colombia 0.62 0.44 0.36 0.33 0.43 0.53
Democratic Republic of Congo 0.08 0.22 0.12 0.24 0.28 0.42
Cuba 0.00 0.00 0.00 0.00 0.00 0.00
Ethiopia 0.00 0.00 0.00 0.29 0.13 0.70
France 0.00 0.00 0.00 0.81 0.66 0.70
Gabon 0.00 0.00 0.00 0.00 0.00 0.00
Germany 0.00 0.00 0.00 0.00 0.00 0.00
Ghana 0.54 0.61 0.51 0.63 0.60 0.69
Greece 0.00 0.00 0.16 0.22 0.36 0.38
Iceland 0.00 0.00 0.00 0.00 0.00 0.00
India 0.12 0.14 0.22 0.41 0.49 0.47
Indonesia 0.26 0.15 0.09 0.15 0.16 0.40
Ireland 0.88 0.97 0.96 0.98 1.00 1.00
Japan 0.00 0.00 0.00 0.00 0.00 0.00
Kazakhstan 0.36 0.19 0.24 0.22 0.44 0.70
Madagascar 0.18 0.48 0.17 0.16 0.35 0.52
Malaysia 0.00 0.00 0.00 0.39 0.04 0.61
Mexico 0.66 0.68 0.61 0.59 0.54 0.71
Mozambique 0.00 0.00 0.00 0.31 0.34 0.51
New Caledonia
Nigeria 0.00 0.00 0.00 0.31 0.10 0.00
North Korea 0.00 0.00 0.00 0.00 0.00 0.00
Norway 0.82 0.84 0.88 0.89 0.80 0.89
Peru 0.52 0.50 0.44 0.50 0.56 0.66
Phillipines 0.32 0.14 0.14 0.09 0.04 0.41
Poland 0.00 0.59 0.45 0.46 0.42 0.78
Portugal 0.00 0.00 0.00 0.64 0.66 0.89
Russia 0.27 0.28 0.29 0.20 0.31 0.52
Rwanda 0.00 0.00 0.00 0.00 0.00 0.00
Slovakia 0.00 0.00 0.00 0.00 0.00 0.00
South Africa 0.28 0.52 0.37 0.41 0.46 0.51
South Korea 0.00 0.00 0.00 0.00 0.00 0.00
Spain 0.64 0.67 0.58 0.62 0.34 0.78
Sri Lanka 0.00 0.00 0.00 0.00 0.00 0.00
Sweden 1.00 1.00 1.00 1.00 0.96 0.96
Tajikistan 0.00 0.00 0.00 0.00 0.00 0.00
Thailand 0.00 0.00 0.00 0.55 0.54 0.00
Turkey 0.41 0.47 0.53 0.68 0.45 0.71
UK 0.00 0.00 0.00 0.00 0.00 0.00
Ukraine 0.00 0.00 0.00 0.00 0.00 0.00
United States 0.70 0.77 0.70 0.75 0.72 0.83
Venezuela 0.00 0.12 0.12 0.06 0.15 0.00
Vietnam 0.42 0.16 0.11 0.46 0.26 0.34
Zambia 0.42 0.53 0.44 0.50 0.54 0.62
Zimbabwe 0.26 0.25 0.13 0.14 0.09 0.24
2010/2011 2011/2012 2012/2013 2013 2014 2015
Maximum 82.25 85.48 93.63 95.17 95.99 100.00
Minimum 1.00 1.00 1.00 1.00 1.00 1.00

















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Material HHI 2010/2011 PPI HHI 2011/2012 PPI HHI 2012/2013 PPI HHI 2013 PPI HHI 2014 PPI HHI 2015 PPI HHI
Antimony
0.63 0.23 0.31 0.19 0.14 0.13 0.29
Beryllium
0.81 0.56 0.63 0.57 0.61 0.58 0.67
Chromium
0.33 0.11 0.17 0.13 0.15 0.16 0.19
Cobalt
0.28 0.04 0.07 0.05 0.08 0.09 0.12
Gallium
0.25 0.04 0.04 0.03 0.03 0.03 0.04
Germanium
0.59 0.26 0.32 0.22 0.17 0.17 0.30
Indium
0.32 0.10 0.14 0.08 0.06 0.06 0.13
Lead
0.41 0.16 0.21 0.13 0.10 0.10 0.20
Lithium
0.29 0.24 0.23 0.20 0.21 0.20 0.23
Magnesium
0.51 0.19 0.25 0.15 0.11 0.11 0.23
Manganese
0.16 0.06 0.08 0.06 0.07 0.07 0.08
Rare Earth Oxide
0.73 0.27 0.37 0.22 0.16 0.15 0.34
Graphite
0.48 0.17 0.23 0.14 0.11 0.11 0.22
Nickel
0.11 0.07 0.06 0.06 0.06 0.06 0.07
Niobium
0.81 0.43 0.41 0.33 0.33 0.28 0.46
Platinum
0.35 0.16 0.22 0.17 0.18 0.20 0.21
Palladium
0.29 0.09 0.12 0.10 0.09 0.11 0.16
Rhenium
0.33 0.30 0.27 0.23 0.23 0.24 0.27
Silicon
0.44 0.16 0.22 0.14 0.10 0.10 0.21
Tantalum
0.32 0.01 0.01 0.01 0.01 0.01 0.02
Tellurium
0.41 0.24 0.25 0.24 0.21 0.24 0.28
Terbium
0.73 0.27 0.37 0.22 0.16 0.15 0.34
Tungsten




PPI 1-Normalized Estimates 
Table 46. PPI 1 - Normalized Estimates 
  
 
Country 2010/2011 2011/2012 2012/2013 2013 2014 2015
Argentina 0.61 0.64 0.53 0.72 0.51 0.62
Armenia 1.00 1.00 1.00 1.00 1.00 1.00
Austria 1.00 1.00 1.00 1.00 1.00 1.00
Australia 0.22 0.19 0.30 0.20 0.27 0.20
Belgium 1.00 1.00 1.00 1.00 1.00 1.00
Bhutan 1.00 1.00 1.00 1.00 1.00 1.00
Bolivia 0.90 0.92 0.86 0.84 0.80 0.64
Brazil 0.48 0.50 0.60 0.60 0.66 0.44
Myanmar 1.00 1.00 1.00 0.61 0.52 0.84
Burundi 1.00 1.00 1.00 1.00 1.00 1.00
Canada 0.15 0.10 0.18 0.21 0.18 0.17
Chile 0.01 0.12 0.28 0.26 0.25 0.17
China 0.63 0.50 0.70 0.78 0.79 0.54
Colombia 0.38 0.56 0.64 0.67 0.57 0.47
Democratic Republic of Congo 0.92 0.78 0.88 0.76 0.72 0.58
Cuba 1.00 1.00 1.00 1.00 1.00 1.00
Ethiopia 1.00 1.00 1.00 0.71 0.87 0.30
France 1.00 1.00 1.00 0.19 0.34 0.30
Gabon 1.00 1.00 1.00 1.00 1.00 1.00
Germany 1.00 1.00 1.00 1.00 1.00 1.00
Ghana 0.46 0.39 0.49 0.37 0.40 0.31
Greece 1.00 1.00 0.84 0.78 0.64 0.62
Iceland 1.00 1.00 1.00 1.00 1.00 1.00
India 0.88 0.86 0.78 0.59 0.51 0.53
Indonesia 0.74 0.85 0.91 0.85 0.84 0.60
Ireland 0.12 0.03 0.04 0.02 0.00 0.00
Japan 1.00 1.00 1.00 1.00 1.00 1.00
Kazakhstan 0.64 0.81 0.76 0.78 0.56 0.30
Madagascar 0.82 0.52 0.83 0.84 0.65 0.48
Malaysia 1.00 1.00 1.00 0.61 0.96 0.39
Mexico 0.34 0.32 0.39 0.41 0.46 0.29
Mozambique 1.00 1.00 1.00 0.69 0.66 0.49
New Caledonia 1.01 1.01 1.01 1.01 1.01 1.01
Nigeria 1.00 1.00 1.00 0.69 0.90 1.00
North Korea 1.00 1.00 1.00 1.00 1.00 1.00
Norway 0.18 0.16 0.12 0.11 0.20 0.11
Peru 0.48 0.50 0.56 0.50 0.44 0.34
Phillipines 0.68 0.86 0.86 0.91 0.96 0.59
Poland 1.00 0.41 0.55 0.54 0.58 0.22
Portugal 1.00 1.00 1.00 0.36 0.34 0.11
Russia 0.73 0.72 0.71 0.80 0.69 0.48
Rwanda 1.00 1.00 1.00 1.00 1.00 1.00
Slovakia 1.00 1.00 1.00 1.00 1.00 1.00
South Africa 0.72 0.48 0.63 0.59 0.54 0.49
South Korea 1.00 1.00 1.00 1.00 1.00 1.00
Spain 0.36 0.33 0.42 0.38 0.66 0.22
Sri Lanka 1.00 1.00 1.00 1.00 1.00 1.00
Sweden 0.00 0.00 0.00 0.00 0.04 0.04
Tajikistan 1.00 1.00 1.00 1.00 1.00 1.00
Thailand 1.00 1.00 1.00 0.45 0.46 1.00
Turkey 0.59 0.53 0.47 0.32 0.55 0.29
UK 1.00 1.00 1.00 1.00 1.00 1.00
Ukraine 1.00 1.00 1.00 1.00 1.00 1.00
United States 0.30 0.23 0.30 0.25 0.28 0.17
Venezuela 1.00 0.88 0.88 0.94 0.85 1.00
Vietnam 0.58 0.84 0.89 0.54 0.74 0.66
Zambia 0.58 0.47 0.56 0.50 0.46 0.38
Zimbabwe 0.74 0.75 0.87 0.86 0.91 0.76
2010/2011 2011/2012 2012/2013 2013 2014 2015
Max 82.25 85.48 93.63 95.17 95.99 100.00
Min 1.00 1.00 1.00 1.00 1.00 1.00

















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
101 
 





Material HHI 2010/2011 PPI HHI 2011/2012 PPI HHI 2012/2013 PPI HHI 2013 PPI HHI 2014 PPI HHI 2015 PPI HHI
Antimony
0.63 0.40 0.32 0.44 0.49 0.50 0.34
Beryllium
0.81 0.25 0.19 0.25 0.21 0.23 0.14
Chromium
0.33 0.24 0.18 0.22 0.21 0.19 0.17
Cobalt
0.28 0.25 0.21 0.24 0.21 0.20 0.16
Gallium
0.25 0.23 0.22 0.23 0.24 0.24 0.22
Germanium
0.59 0.40 0.33 0.43 0.48 0.48 0.35
Indium
0.32 0.21 0.18 0.23 0.25 0.25 0.19
Lead
0.41 0.25 0.20 0.28 0.31 0.31 0.21
Lithium
0.29 0.05 0.06 0.09 0.08 0.09 0.06
Magnesium
0.51 0.32 0.26 0.35 0.39 0.40 0.27
Manganese
0.16 0.10 0.08 0.10 0.09 0.09 0.08
Rare Earth Oxide
0.73 0.46 0.37 0.51 0.57 0.58 0.40
Graphite
0.48 0.31 0.25 0.34 0.37 0.37 0.26
Nickel
0.11 0.08 0.08 0.09 0.09 0.09 0.07
Niobium
0.81 0.39 0.40 0.48 0.48 0.54 0.36
Platinum
0.35 0.20 0.14 0.18 0.17 0.16 0.14
Palladium
0.29 0.21 0.19 0.20 0.21 0.19 0.14
Rhenium
0.33 0.03 0.06 0.11 0.10 0.09 0.06
Silicon
0.44 0.28 0.22 0.31 0.34 0.35 0.24
Tantalum
0.32 0.31 0.31 0.31 0.30 0.30 0.30
Tellurium
0.41 0.17 0.16 0.18 0.20 0.17 0.14
Terbium
0.73 0.46 0.37 0.51 0.57 0.58 0.40
Tungsten





DA Weighted HHI 




Country 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Argentina 1.00E+00 5.25E+07 1.46E+08 8.15E+07 1.07E+08 9.13E+07 9.62E+07 1.15E+08 1.01E+08 1.31E+08 1.27E+08 1.21E+08 8.70E+07 1.79E+08 3.02E+07 4.92E+07
Armenia 2.09E+08 2.16E+08 2.12E+08 3.00E+08 2.54E+08 2.53E+08 1.70E+08 2.16E+08 3.50E+08 3.03E+08 5.26E+08 3.43E+08 4.00E+08 2.73E+08 2.93E+08 2.65E+08
Austria 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Australia 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Belgium 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Bhutan 6.68E+07 5.31E+07 6.05E+07 7.36E+07 7.73E+07 7.80E+07 9.01E+07 1.02E+08 8.98E+07 8.65E+07 1.25E+08 1.31E+08 1.42E+08 1.61E+08 1.35E+08 1.30E+08
Bolivia 5.79E+08 4.82E+08 7.44E+08 6.89E+08 9.38E+08 7.85E+08 6.43E+08 8.50E+08 4.76E+08 6.28E+08 7.25E+08 7.41E+08 7.22E+08 6.59E+08 6.99E+08 6.72E+08
Brazil 1.23E+08 2.31E+08 2.20E+08 2.08E+08 1.98E+08 1.54E+08 2.43E+08 1.13E+08 3.21E+08 4.60E+08 3.37E+08 4.53E+08 8.15E+08 1.29E+09 1.15E+09 9.12E+08
Myanmar 8.11E+07 1.06E+08 1.26E+08 1.19E+08 1.25E+08 1.23E+08 1.45E+08 1.46E+08 1.96E+08 5.34E+08 3.56E+08 3.55E+08 3.74E+08 5.04E+08 3.93E+09 1.38E+09
Burundi 7.49E+07 9.31E+07 1.39E+08 1.72E+08 2.28E+08 3.64E+08 3.64E+08 4.31E+08 4.79E+08 5.22E+08 5.61E+08 6.30E+08 5.75E+08 5.23E+08 5.46E+08 5.02E+08
Canada 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Chile 6.99E+07 4.89E+07 7.53E+07 -7.34E+06 8.57E+07 5.44E+07 1.67E+08 1.01E+08 1.05E+08 1.08E+08 7.87E+07 1.98E+08 1.64E+08 1.25E+08 7.85E+07 2.41E+08
China 2.38E+09 1.71E+09 1.55E+09 1.50E+09 1.36E+09 1.72E+09 1.81E+09 1.25E+09 1.49E+09 1.48E+09 1.13E+09 6.46E+08 -7.03E+08 -1.94E+08 -6.51E+08 -9.60E+08
Colombia 3.02E+08 1.86E+08 3.84E+08 4.38E+08 8.00E+08 5.15E+08 6.21E+08 1.01E+09 7.23E+08 9.72E+08 1.06E+09 9.01E+08 1.02E+09 7.65E+08 8.52E+08 1.22E+09
Congo 2.15E+07 1.87E+07 2.76E+07 2.76E+07 2.45E+07 2.63E+07 2.28E+07 3.19E+07 4.50E+07 4.16E+07 5.05E+07 6.72E+07 5.18E+07 6.87E+07 8.19E+07 7.40E+07
Cuba 5.85E+07 4.40E+07 5.37E+07 6.37E+07 7.50E+07 1.04E+08 8.84E+07 9.37E+07 9.28E+07 1.27E+08 1.15E+08 1.29E+08 8.69E+07 8.79E+07 1.01E+08 2.62E+08
Ethiopia 6.43E+08 6.87E+08 1.10E+09 1.32E+09 1.63E+09 1.83E+09 1.93E+09 2.03E+09 2.56E+09 3.33E+09 3.82E+09 3.53E+09 3.54E+09 3.26E+09 3.83E+09 3.59E+09
France 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Gabon 4.76E+07 1.17E+07 8.53E+06 7.17E+07 -1.06E+07 3.99E+07 6.04E+07 2.91E+07 5.11E+07 6.21E+07 7.72E+07 1.04E+08 7.26E+07 7.32E+07 9.09E+07 1.11E+08
Germany 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Ghana 6.08E+08 5.98E+08 6.41E+08 6.86E+08 9.83E+08 1.42E+09 1.15E+09 1.24E+09 1.17E+09 1.31E+09 1.58E+09 1.69E+09 1.81E+09 1.81E+09 1.33E+09 1.13E+09
Greece 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Iceland 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
India 1.48E+09 1.37E+09 1.73E+09 1.76E+09 7.30E+08 7.74E+08 1.88E+09 1.38E+09 1.39E+09 2.12E+09 2.50E+09 2.81E+09 3.23E+09 1.67E+09 2.44E+09 2.98E+09
Indonesia 2.12E+09 1.65E+09 1.46E+09 1.30E+09 1.77E+09 1.32E+08 2.53E+09 1.32E+09 9.04E+08 1.23E+09 1.05E+09 1.39E+09 4.19E+08 6.78E+07 5.33E+07 -3.88E+08
Ireland 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Japan 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Kazakhstan 1.75E+08 1.89E+08 1.57E+08 1.87E+08 2.94E+08 2.68E+08 2.29E+08 1.74E+08 2.11E+08 3.35E+08 2.98E+08 2.24E+08 2.16E+08 1.30E+08 9.13E+07 8.84E+07
Madagascar 3.58E+08 3.20E+08 3.70E+08 3.74E+08 5.46E+08 1.26E+09 9.13E+08 7.82E+08 8.94E+08 8.43E+08 4.44E+08 4.70E+08 4.43E+08 3.79E+08 5.00E+08 5.83E+08
Malaysia 1.44E+08 4.57E+07 3.07E+07 8.68E+07 1.07E+08 3.06E+08 2.62E+07 2.39E+08 2.00E+08 1.55E+08 1.43E+08 2.06E+06 3.21E+07 1.54E+07 -1.19E+08 1.19E+07
Mexico 3.60E+07 -5.78E+07 1.18E+08 1.25E+08 1.23E+08 1.08E+08 1.80E+08 2.70E+08 1.13E+08 1.49E+08 1.84E+08 4.71E+08 9.71E+08 4.18E+08 5.61E+08 8.07E+08
Mozambique 8.19E+08 9.06E+08 9.61E+08 2.22E+09 1.05E+09 1.24E+09 1.30E+09 1.64E+09 1.78E+09 2.00E+09 2.01E+09 1.95E+09 2.08E+09 2.10E+09 2.31E+09 2.10E+09
New Caledonia 3.15E+08 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Nigeria 1.52E+08 1.74E+08 1.76E+08 2.98E+08 3.08E+08 5.77E+08 6.41E+09 1.14E+10 1.96E+09 1.29E+09 1.66E+09 2.06E+09 1.77E+09 1.92E+09 2.53E+09 2.48E+09
Korea, Dem. Rep. 2.01E+08 7.33E+07 1.18E+08 2.65E+08 1.31E+08 1.61E+08 8.76E+07 5.47E+07 9.93E+07 2.06E+08 6.52E+07 7.88E+07 1.19E+08 9.81E+07 1.09E+08 1.53E+08
Norway 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Peru 4.45E+08 3.97E+08 4.51E+08 4.88E+08 5.17E+08 4.63E+08 4.50E+08 4.63E+08 3.07E+08 4.63E+08 4.41E+08 -2.56E+08 6.05E+08 3.93E+08 3.68E+08 3.25E+08
Phillipines 6.86E+08 5.72E+08 5.69E+08 5.69E+08 7.22E+08 4.49E+08 5.67E+08 5.65E+08 6.10E+08 4.80E+07 3.09E+08 5.31E+08 -1.81E+08 5.12E+06 1.90E+08 6.76E+08
Poland 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Portugal 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Russian Federation 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Rwanda 3.73E+08 3.21E+08 3.05E+08 3.63E+08 3.35E+08 4.90E+08 5.77E+08 6.03E+08 7.23E+08 9.34E+08 9.34E+08 1.03E+09 1.26E+09 8.79E+08 1.08E+09 1.03E+09
Slovakia 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
South Africa 5.40E+08 4.86E+08 4.25E+08 5.11E+08 6.56E+08 6.29E+08 6.90E+08 7.15E+08 8.07E+08 1.13E+09 1.07E+09 1.03E+09 1.40E+09 1.07E+09 1.29E+09 1.07E+09
Korea, Rep. -5.51E+07 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Spain 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Sri Lanka 2.62E+08 2.75E+08 3.41E+08 3.43E+08 6.72E+08 5.06E+08 1.16E+09 7.86E+08 6.15E+08 7.31E+08 7.03E+08 5.80E+08 6.08E+08 4.88E+08 4.23E+08 4.88E+08
Sweden 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Tajikistan 1.23E+08 1.24E+08 1.65E+08 1.68E+08 1.48E+08 2.53E+08 2.52E+08 2.41E+08 2.22E+08 2.89E+08 4.08E+08 4.37E+08 3.48E+08 3.94E+08 3.82E+08 3.56E+08
Thailand 1.01E+09 6.97E+08 2.80E+08 2.93E+08 -9.43E+08 4.73E+07 -1.68E+08 -2.17E+08 -3.11E+08 -6.19E+08 -7.78E+07 -1.14E+07 -1.54E+08 -1.35E+08 -2.37E+07 3.51E+08
Turkey 1.05E+07 3.27E+08 1.32E+08 2.79E+08 1.65E+08 2.85E+08 3.96E+08 5.66E+08 7.92E+08 1.12E+09 1.36E+09 1.05E+09 3.19E+09 3.03E+09 2.74E+09 3.44E+09
United Kingdom 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Ukraine 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 4.12E+08 4.84E+08 4.20E+08 6.18E+08 6.66E+08 6.26E+08 8.06E+08 7.69E+08 8.01E+08 1.40E+09
United States 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Venezuela 3.72E+07 4.58E+07 3.17E+07 2.75E+07 3.28E+07 3.87E+07 3.95E+07 4.88E+07 5.67E+07 9.23E+07 1.03E+08 1.08E+08 9.22E+07 1.01E+08 9.06E+07 9.84E+07
Vietnam 1.43E+09 1.68E+09 1.43E+09 1.28E+09 1.77E+09 1.85E+09 1.91E+09 1.84E+09 2.51E+09 2.55E+09 3.73E+09 2.94E+09 3.60E+09 4.12E+09 4.08E+09 4.22E+09
Zambia 6.23E+08 7.95E+08 5.71E+08 8.11E+08 7.75E+08 1.13E+09 1.17E+09 1.47E+09 1.01E+09 1.12E+09 1.27E+09 9.14E+08 1.04E+09 9.58E+08 1.14E+09 9.95E+08


















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
104 
 









Material HHI 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Antimony
0.63 1.47E+09 1.06E+09 9.59E+08 9.26E+08 8.41E+08 1.06E+09 1.12E+09 7.73E+08 9.21E+08 9.17E+08 7.01E+08 4.02E+08 -4.32E+08 -1.17E+08 -3.88E+08 -5.88E+08
Beryllium
0.81 1.38E+07 1.01E+07 9.18E+06 9.52E+06 8.15E+06 1.03E+07 1.08E+07 7.83E+06 9.25E+06 9.31E+06 7.35E+06 4.61E+06 -2.89E+06 -3.03E+04 -2.48E+06 -4.32E+06
Chromium
0.33 1.64E+08 1.51E+08 1.36E+08 1.61E+08 1.90E+08 1.84E+08 2.12E+08 2.13E+08 2.40E+08 3.38E+08 3.29E+08 3.17E+08 4.36E+08 3.27E+08 3.92E+08 3.44E+08
Cobalt
0.28 1.69E+07 1.35E+07 1.48E+07 1.48E+07 1.38E+07 1.57E+07 1.54E+07 1.55E+07 1.97E+07 1.86E+07 1.97E+07 2.19E+07 1.23E+07 1.88E+07 2.07E+07 1.77E+07
Gallium
0.25 1.05E+08 7.55E+07 6.83E+07 6.60E+07 5.99E+07 7.57E+07 8.00E+07 5.50E+07 6.56E+07 6.52E+07 4.98E+07 2.85E+07 -3.10E+07 -8.56E+06 -2.87E+07 -4.23E+07
Germanium
0.59 1.27E+09 9.11E+08 8.24E+08 7.97E+08 7.23E+08 9.13E+08 9.65E+08 6.64E+08 7.92E+08 7.87E+08 6.01E+08 3.44E+08 -3.74E+08 -1.03E+08 -3.46E+08 -5.11E+08
Indium
0.32 6.24E+08 4.50E+08 4.07E+08 3.94E+08 3.57E+08 4.51E+08 4.77E+08 3.28E+08 3.91E+08 3.89E+08 2.97E+08 1.70E+08 -1.85E+08 -5.10E+07 -1.71E+08 -2.52E+08
Lead
0.41 9.09E+08 6.55E+08 5.93E+08 5.74E+08 5.20E+08 6.56E+08 6.95E+08 4.79E+08 5.69E+08 5.67E+08 4.34E+08 2.48E+08 -2.61E+08 -7.02E+07 -2.44E+08 -3.61E+08
Lithium
0.29 5.58E+07 4.03E+07 4.12E+07 2.90E+07 3.86E+07 4.14E+07 5.82E+07 3.86E+07 4.38E+07 4.43E+07 3.38E+07 3.97E+07 8.82E+06 1.46E+07 -1.53E+06 1.36E+07
Magnesium
0.51 1.18E+09 8.48E+08 7.67E+08 7.42E+08 6.73E+08 8.50E+08 8.99E+08 6.19E+08 7.38E+08 7.35E+08 5.62E+08 3.22E+08 -3.41E+08 -8.97E+07 -3.16E+08 -4.68E+08
Manganese
0.16 1.21E+08 9.50E+07 8.64E+07 9.16E+07 9.36E+07 1.04E+08 1.15E+08 9.66E+07 1.12E+08 1.37E+08 1.23E+08 1.06E+08 9.06E+07 8.09E+07 8.36E+07 5.87E+07
Rare Earth Oxide
0.73 1.73E+09 1.24E+09 1.13E+09 1.09E+09 9.87E+08 1.25E+09 1.32E+09 9.07E+08 1.08E+09 1.08E+09 8.22E+08 4.71E+08 -5.08E+08 -1.40E+08 -4.71E+08 -6.95E+08
Graphite
0.48 1.10E+09 7.98E+08 7.32E+08 7.10E+08 6.26E+08 7.87E+08 8.55E+08 5.90E+08 6.99E+08 7.11E+08 5.62E+08 3.52E+08 -2.40E+08 -4.33E+07 -2.33E+08 -3.60E+08
Nickel
0.11 4.97E+07 3.89E+07 3.68E+07 3.53E+07 4.50E+07 2.05E+07 4.82E+07 3.53E+07 3.36E+07 1.91E+07 2.49E+07 3.49E+07 1.02E+06 5.38E+06 1.04E+07 2.12E+07
Niobium
0.81 9.93E+07 1.87E+08 1.77E+08 1.68E+08 1.60E+08 1.25E+08 1.96E+08 9.15E+07 2.59E+08 3.71E+08 2.72E+08 3.66E+08 6.58E+08 1.04E+09 9.28E+08 7.36E+08
Platinum
0.35 1.29E+08 1.16E+08 1.01E+08 1.22E+08 1.56E+08 1.49E+08 1.64E+08 1.70E+08 1.92E+08 2.68E+08 2.56E+08 2.46E+08 3.34E+08 2.55E+08 3.08E+08 2.55E+08
Palladium
0.29 5.45E+07 4.89E+07 4.28E+07 5.14E+07 6.58E+07 6.31E+07 6.97E+07 7.19E+07 8.17E+07 1.14E+08 1.09E+08 1.05E+08 1.42E+08 1.09E+08 1.31E+08 1.09E+08
Rhenium
0.33 2.11E+07 1.53E+07 2.26E+07 -3.23E+05 2.64E+07 1.74E+07 4.88E+07 3.00E+07 3.14E+07 3.29E+07 2.48E+07 5.72E+07 4.81E+07 3.64E+07 2.32E+07 6.86E+07
Silicon
0.44 1.01E+09 7.27E+08 6.58E+08 6.36E+08 5.77E+08 7.28E+08 7.70E+08 5.30E+08 6.32E+08 6.29E+08 4.80E+08 2.75E+08 -2.97E+08 -8.08E+07 -2.75E+08 -4.06E+08
Tantalum
0.32 1.14E+08 9.95E+07 9.56E+07 1.18E+08 1.04E+08 1.49E+08 1.89E+08 2.09E+08 2.20E+08 2.78E+08 2.78E+08 3.05E+08 3.66E+08 2.68E+08 3.24E+08 3.07E+08
Tellurium
0.41 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01 4.13E-01
Terbium
0.73 1.73E+09 1.24E+09 1.13E+09 1.09E+09 9.87E+08 1.25E+09 1.32E+09 9.07E+08 1.08E+09 1.08E+09 8.22E+08 4.71E+08 -5.08E+08 -1.40E+08 -4.71E+08 -6.95E+08
Tungsten
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Argentina 2.26E-02 6.23E-02 8.40E-02 3.99E-02 3.87E-01 4.95E-02 4.01E-02 2.85E-02 1.44E-01 1.90E-01 5.25E-02 9.97E-02 1.84E-01 8.66E-02 1.44E-01 1.95E-01
Armenia 1.09E-01 1.55E-01 1.22E-01 1.38E-01 4.41E-01 1.37E-01 5.14E-02 3.71E-02 2.30E-01 2.33E-01 1.55E-01 1.58E-01 2.57E-01 1.08E-01 1.99E-01 2.37E-01
Austria 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Australia 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Belgium 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Bhutan 5.01E-02 6.27E-02 3.49E-02 3.63E-02 3.76E-01 4.22E-02 3.92E-02 2.74E-02 1.40E-01 1.79E-01 5.21E-02 1.02E-01 1.97E-01 8.25E-02 1.66E-01 2.10E-01
Bolivia 2.60E-01 3.05E-01 4.29E-01 3.13E-01 6.93E-01 4.25E-01 1.23E-01 9.16E-02 2.74E-01 3.16E-01 2.06E-01 2.64E-01 3.31E-01 1.98E-01 2.85E-01 3.15E-01
Brazil 7.32E-02 1.63E-01 1.27E-01 9.66E-02 4.20E-01 8.36E-02 6.25E-02 2.84E-02 2.20E-01 2.73E-01 1.06E-01 1.88E-01 3.53E-01 3.44E-01 3.80E-01 3.61E-01
Myanmar 5.59E-02 9.24E-02 7.26E-02 5.68E-02 3.93E-01 6.69E-02 4.75E-02 3.12E-02 1.77E-01 2.92E-01 1.11E-01 1.62E-01 2.51E-01 1.62E-01 9.68E-01 4.52E-01
Burundi 5.34E-02 8.53E-02 8.03E-02 8.05E-02 4.31E-01 1.97E-01 8.08E-02 5.56E-02 2.75E-01 2.89E-01 1.64E-01 2.34E-01 2.97E-01 1.66E-01 2.53E-01 2.82E-01
Canada 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Chile 5.13E-02 6.03E-02 4.35E-02 0.00E+00 3.79E-01 2.94E-02 5.09E-02 2.73E-02 1.45E-01 1.84E-01 4.02E-02 1.20E-01 2.02E-01 7.40E-02 1.54E-01 2.32E-01
China 1.00E+00 1.00E+00 8.94E-01 6.76E-01 8.48E-01 9.29E-01 3.01E-01 1.26E-01 6.27E-01 5.32E-01 3.10E-01 2.39E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Colombia 1.47E-01 1.38E-01 2.22E-01 2.00E-01 6.42E-01 2.79E-01 1.20E-01 1.05E-01 3.60E-01 4.03E-01 2.92E-01 3.06E-01 4.00E-01 2.22E-01 3.17E-01 4.21E-01
Congo 3.14E-02 4.32E-02 1.59E-02 1.57E-02 3.56E-01 1.43E-02 2.90E-02 2.14E-02 1.24E-01 1.67E-01 3.29E-02 8.55E-02 1.76E-01 6.10E-02 1.55E-01 2.00E-01
Cuba 4.67E-02 5.75E-02 3.10E-02 3.19E-02 3.75E-01 5.61E-02 3.89E-02 2.67E-02 1.41E-01 1.89E-01 4.95E-02 1.02E-01 1.84E-01 6.54E-02 1.59E-01 2.36E-01
Ethiopia 2.87E-01 4.21E-01 6.37E-01 5.98E-01 9.46E-01 9.90E-01 3.19E-01 1.93E-01 1.00E+00 1.00E+00 1.00E+00 1.00E+00 9.87E-01 8.02E-01 9.45E-01 8.78E-01
France 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Gabon 4.22E-02 3.92E-02 4.92E-03 3.55E-02 3.43E-01 2.16E-02 3.47E-02 2.11E-02 1.26E-01 1.72E-01 3.98E-02 9.52E-02 1.80E-01 6.20E-02 1.57E-01 2.07E-01
Germany 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Ghana 2.72E-01 3.71E-01 3.70E-01 3.11E-01 7.10E-01 7.68E-01 2.00E-01 1.25E-01 5.14E-01 4.88E-01 4.26E-01 5.15E-01 5.85E-01 4.65E-01 4.18E-01 4.03E-01
Greece 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Iceland 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
India 6.32E-01 8.08E-01 1.00E+00 7.93E-01 6.16E-01 4.19E-01 3.11E-01 1.38E-01 5.93E-01 6.93E-01 6.62E-01 8.10E-01 9.15E-01 4.32E-01 6.52E-01 7.62E-01
Indonesia 8.95E-01 9.67E-01 8.46E-01 5.89E-01 1.00E+00 7.14E-02 4.11E-01 1.32E-01 4.23E-01 4.68E-01 2.89E-01 4.36E-01 2.61E-01 6.08E-02 1.49E-01 1.10E-01
Ireland 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Japan 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Kazakhstan 9.45E-02 1.40E-01 9.06E-02 8.75E-02 4.56E-01 1.45E-01 6.03E-02 3.36E-02 1.82E-01 2.42E-01 9.63E-02 1.27E-01 2.14E-01 7.51E-02 1.57E-01 2.02E-01
Madagascar 1.70E-01 2.14E-01 2.14E-01 1.71E-01 5.49E-01 6.84E-01 1.64E-01 8.58E-02 4.20E-01 3.70E-01 1.34E-01 1.92E-01 2.67E-01 1.33E-01 2.43E-01 2.98E-01
Malaysia 8.20E-02 5.85E-02 1.77E-02 4.23E-02 3.87E-01 1.66E-01 2.95E-02 3.91E-02 1.78E-01 1.96E-01 5.66E-02 6.82E-02 1.71E-01 4.86E-02 1.12E-01 1.88E-01
Mexico 3.74E-02 0.00E+00 6.82E-02 5.95E-02 3.93E-01 5.85E-02 5.29E-02 4.18E-02 1.48E-01 1.94E-01 6.73E-02 1.92E-01 3.89E-01 1.42E-01 2.56E-01 3.41E-01
Mozambique 3.59E-01 5.45E-01 5.55E-01 1.00E+00 7.33E-01 6.73E-01 2.23E-01 1.59E-01 7.28E-01 6.62E-01 5.36E-01 5.84E-01 6.49E-01 5.32E-01 6.26E-01 5.92E-01
New Caledonia 1.52E-01 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Nigeria 8.50E-02 1.31E-01 1.02E-01 1.37E-01 4.61E-01 3.12E-01 1.00E+00 1.00E+00 7.90E-01 4.84E-01 4.45E-01 6.13E-01 5.75E-01 4.90E-01 6.72E-01 6.64E-01
Korea, Dem. Rep. 1.05E-01 7.41E-02 6.79E-02 1.22E-01 3.96E-01 8.73E-02 3.88E-02 2.33E-02 1.43E-01 2.09E-01 3.67E-02 8.85E-02 1.91E-01 6.78E-02 1.61E-01 2.15E-01
Norway 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Peru 2.05E-01 2.57E-01 2.60E-01 2.23E-01 5.38E-01 2.51E-01 9.40E-02 5.84E-02 2.15E-01 2.74E-01 1.33E-01 0.00E+00 3.04E-01 1.36E-01 2.15E-01 2.48E-01
Phillipines 3.05E-01 3.56E-01 3.28E-01 2.59E-01 6.13E-01 2.43E-01 1.12E-01 6.71E-02 3.21E-01 1.69E-01 9.93E-02 2.08E-01 1.22E-01 4.62E-02 1.78E-01 3.16E-01
Poland 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Portugal 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Russian Federation 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Rwanda 1.76E-01 2.14E-01 1.76E-01 1.66E-01 4.71E-01 2.65E-01 1.13E-01 7.04E-02 3.60E-01 3.93E-01 2.60E-01 3.41E-01 4.58E-01 2.49E-01 3.66E-01 3.85E-01
Slovakia 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
South Africa 2.45E-01 3.08E-01 2.46E-01 2.33E-01 5.89E-01 3.41E-01 1.30E-01 8.00E-02 3.90E-01 4.42E-01 2.96E-01 3.40E-01 4.90E-01 2.93E-01 4.10E-01 3.92E-01
Korea, Rep. 0.00E+00 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Spain 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Sri Lanka 1.30E-01 1.88E-01 1.97E-01 1.57E-01 5.95E-01 2.74E-01 2.02E-01 8.62E-02 3.23E-01 3.42E-01 2.00E-01 2.21E-01 3.05E-01 1.58E-01 2.27E-01 2.80E-01
Sweden 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Tajikistan 7.30E-02 1.02E-01 9.54E-02 7.89E-02 4.02E-01 1.37E-01 6.37E-02 3.94E-02 1.86E-01 2.30E-01 1.25E-01 1.83E-01 2.44E-01 1.36E-01 2.18E-01 2.54E-01
Thailand 4.39E-01 4.26E-01 1.62E-01 1.35E-01 0.00E+00 2.56E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.47E-02 1.28E-01 1.38E-02 1.32E-01 2.53E-01
Turkey 2.69E-02 2.17E-01 7.60E-02 1.29E-01 4.08E-01 1.55E-01 8.57E-02 6.72E-02 3.84E-01 4.39E-01 3.69E-01 3.45E-01 9.05E-01 7.49E-01 7.16E-01 8.50E-01
United Kingdom 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Ukraine 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 8.81E-02 6.02E-02 2.55E-01 3.13E-01 1.91E-01 2.33E-01 3.51E-01 2.24E-01 3.07E-01 4.56E-01
United States 2.26E-02 3.27E-02 0.00E+00 3.30E-03 3.47E-01 0.00E+00 2.55E-02 1.86E-02 1.08E-01 1.57E-01 2.00E-02 6.77E-02 1.64E-01 4.50E-02 1.37E-01 1.85E-01
Venezuela 3.79E-02 5.85E-02 1.83E-02 1.56E-02 3.59E-01 2.10E-02 3.15E-02 2.28E-02 1.28E-01 1.80E-01 4.64E-02 9.63E-02 1.85E-01 6.86E-02 1.57E-01 2.04E-01
Vietnam 6.09E-01 9.83E-01 8.27E-01 5.78E-01 1.00E+00 1.00E+00 3.16E-01 1.77E-01 9.83E-01 8.03E-01 9.78E-01 8.45E-01 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Zambia 2.79E-01 4.82E-01 3.30E-01 3.68E-01 6.33E-01 6.12E-01 2.04E-01 1.45E-01 4.60E-01 4.39E-01 3.45E-01 3.10E-01 4.04E-01 2.67E-01 3.79E-01 3.77E-01

































Maximum 2.38E+09 1.71E+09 1.73E+09 2.22E+09 1.77E+09 1.85E+09 6.41E+09 1.14E+10 2.56E+09 3.33E+09 3.82E+09 3.53E+09 3.60E+09 4.12E+09 4.08E+09 4.22E+09
Minimum -5.51E+07 -5.78E+07 1.00E+00 -7.34E+06 -9.43E+08 1.00E+00 -1.68E+08 -2.17E+08 -3.11E+08 -6.19E+08 -7.78E+07 -2.56E+08 -7.03E+08 -1.94E+08 -6.51E+08 -9.60E+08
DA Normalized Estimates
Minimum Maximum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Material HHI 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Antimony
0.63 6.20E-01 6.20E-01 5.55E-01 4.19E-01 5.28E-01 5.76E-01 1.88E-01 7.91E-02 3.90E-01 3.31E-01 1.93E-01 1.50E-01 2.92E-03 2.10E-03 5.07E-03 3.56E-03
Beryllium
0.81 2.41E-02 3.23E-02 5.31E-03 6.97E-03 2.86E-01 5.57E-03 2.24E-02 1.59E-02 9.15E-02 1.30E-01 1.81E-02 5.63E-02 1.32E-01 3.67E-02 1.11E-01 1.50E-01
Chromium
0.33 9.94E-02 1.20E-01 1.04E-01 9.85E-02 2.01E-01 1.25E-01 6.51E-02 4.91E-02 1.42E-01 1.58E-01 1.16E-01 1.30E-01 1.76E-01 1.15E-01 1.50E-01 1.48E-01
Cobalt
0.28 2.08E-02 2.41E-02 1.63E-02 1.53E-02 1.06E-01 1.63E-02 1.70E-02 1.41E-02 4.37E-02 5.45E-02 1.82E-02 3.17E-02 5.44E-02 2.42E-02 4.90E-02 6.09E-02
Gallium
0.25 6.52E-02 6.71E-02 5.63E-02 4.73E-02 1.19E-01 5.79E-02 3.50E-02 2.59E-02 6.48E-02 6.96E-02 3.43E-02 4.01E-02 4.74E-02 2.53E-02 4.26E-02 5.15E-02
Germanium
0.59 5.91E-01 5.91E-01 5.35E-01 4.19E-01 5.11E-01 5.54E-01 2.20E-01 1.26E-01 3.93E-01 3.42E-01 2.24E-01 1.86E-01 5.92E-02 5.92E-02 5.92E-02 5.93E-02
Indium
0.32 2.63E-01 2.65E-01 2.35E-01 1.78E-01 2.41E-01 2.44E-01 8.06E-02 3.41E-02 1.71E-01 1.48E-01 8.26E-02 6.63E-02 8.68E-03 2.40E-03 7.29E-03 9.82E-03
Lead
0.41 3.83E-01 3.83E-01 3.43E-01 2.59E-01 3.35E-01 3.56E-01 1.16E-01 4.88E-02 2.43E-01 2.08E-01 1.20E-01 9.36E-02 6.58E-03 2.27E-03 5.18E-03 6.74E-03
Lithium
0.29 2.95E-02 3.22E-02 2.38E-02 1.40E-02 1.15E-01 2.24E-02 1.62E-02 8.71E-03 4.66E-02 5.66E-02 1.44E-02 3.01E-02 4.94E-02 1.64E-02 3.95E-02 5.63E-02
Magnesium
0.51 4.96E-01 4.96E-01 4.43E-01 3.35E-01 4.24E-01 4.61E-01 1.50E-01 6.30E-02 3.12E-01 2.66E-01 1.55E-01 1.20E-01 3.58E-03 2.38E-03 3.03E-03 3.63E-03
Manganese
0.16 5.45E-02 6.01E-02 5.12E-02 4.30E-02 8.95E-02 5.79E-02 2.28E-02 1.25E-02 5.71E-02 6.02E-02 3.60E-02 3.98E-02 4.77E-02 2.71E-02 4.02E-02 4.13E-02
Rare Earth Oxide
0.73 7.27E-01 7.27E-01 6.50E-01 4.91E-01 6.18E-01 6.75E-01 2.19E-01 9.15E-02 4.56E-01 3.87E-01 2.25E-01 1.74E-01 1.49E-03 5.40E-04 1.17E-03 1.50E-03
Graphite
0.48 4.62E-01 4.66E-01 4.23E-01 3.20E-01 3.96E-01 4.26E-01 1.42E-01 5.95E-02 2.95E-01 2.55E-01 1.54E-01 1.25E-01 2.20E-02 1.14E-02 1.64E-02 1.88E-02
Nickel
0.11 5.07E-02 5.31E-02 4.97E-02 4.46E-02 7.38E-02 3.95E-02 3.79E-02 3.30E-02 4.91E-02 4.62E-02 3.65E-02 4.33E-02 4.22E-02 3.34E-02 4.20E-02 4.79E-02
Niobium
0.81 5.95E-02 1.32E-01 1.03E-01 7.83E-02 3.42E-01 6.78E-02 5.09E-02 2.33E-02 1.79E-01 2.22E-01 8.63E-02 1.52E-01 2.87E-01 2.78E-01 3.08E-01 2.93E-01
Platinum
0.35 6.11E-02 7.72E-02 5.87E-02 5.61E-02 1.80E-01 8.12E-02 3.43E-02 2.15E-02 1.06E-01 1.24E-01 7.31E-02 8.92E-02 1.36E-01 7.54E-02 1.14E-01 1.15E-01
Palladium
0.29 3.18E-02 4.00E-02 2.75E-02 2.68E-02 1.30E-01 3.70E-02 2.09E-02 1.45E-02 6.33E-02 7.79E-02 3.66E-02 5.04E-02 8.41E-02 4.14E-02 7.11E-02 7.86E-02
Rhenium
0.33 1.75E-02 2.08E-02 1.44E-02 2.32E-03 1.26E-01 1.08E-02 1.72E-02 1.01E-02 4.81E-02 6.14E-02 1.43E-02 3.89E-02 6.66E-02 2.47E-02 5.17E-02 7.58E-02
Silicon
0.44 4.27E-01 4.28E-01 3.82E-01 2.89E-01 3.67E-01 3.97E-01 1.31E-01 5.63E-02 2.70E-01 2.31E-01 1.35E-01 1.05E-01 5.29E-03 3.60E-03 4.92E-03 5.57E-03
Tantalum
0.32 5.40E-02 6.66E-02 5.52E-02 5.42E-02 1.49E-01 8.06E-02 3.69E-02 2.39E-02 1.11E-01 1.20E-01 7.77E-02 1.02E-01 1.37E-01 7.64E-02 1.12E-01 1.18E-01
Tellurium
0.41 9.34E-03 1.35E-02 ####### 1.36E-03 1.43E-01 ####### 1.05E-02 7.69E-03 4.47E-02 6.47E-02 8.24E-03 2.79E-02 6.75E-02 1.86E-02 5.67E-02 7.65E-02
Terbium
0.73 7.27E-01 7.27E-01 6.50E-01 4.91E-01 6.18E-01 6.75E-01 2.19E-01 9.15E-02 4.56E-01 3.87E-01 2.25E-01 1.74E-01 1.49E-03 5.40E-04 1.17E-03 1.50E-03
Tungsten




FS Weighted HHI 
Table 55. FS Raw Scores 
 
Country 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 41.4 41.4 44.7 45.8 46.8 46.5 46.1 47.3 47.6
Armenia 70.3 70.7 74.3 74.1 72.3 72.2 71.3 71.3 69.7
Austria 26.0 25.9 27.6 27.2 27.3 27.5 26.9 28.5 26.0
Australia 23.2 24.6 25.9 27.3 28.1 29.2 25.4 26.3 24.3
Belgium 25.5 29.0 33.5 32.0 34.1 33.5 30.9 32.0 30.4
Bhutan 86.4 85.4 87.3 87.3 85.0 82.4 81.8 80.9 78.7
Bolivia 82.0 84.2 86.3 84.9 82.9 82.1 80.8 78.9 78.0
Brazil 66.9 67.6 69.1 67.4 65.1 64.1 62.1 61.4 62.6
Myanmmar 97.0 100.3 101.5 99.4 98.3 96.2 94.6 94.3 94.7
Burundi 95.2 94.1 95.7 96.7 98.6 97.5 97.6 97.1 98.1
Canada 25.1 26.3 27.7 27.9 27.7 26.8 26.0 27.4 25.7
Chile 33.8 36.3 37.5 38.0 40.7 43.5 42.3 42.0 41.5
China 81.2 80.3 84.6 83.0 80.1 78.3 80.9 79.0 76.4
Colombia 89.7 89.0 89.2 88.2 87.0 84.4 83.8 83.1 82.5
Congo (D. R.) 105.5 106.7 108.7 109.9 108.2 111.2 111.9 110.2 109.7
Cuba 78.6 78.6 80.6 79.4 76.6 73.1 72.8 70.8 67.4
Ethiopia 95.3 96.1 98.9 98.8 98.2 97.9 98.9 97.9 97.5
France 34.1 34.8 35.3 34.9 34.0 33.6 32.6 34.8 33.7
Gabon 73.3 75.0 74.4 75.3 75.3 74.6 72.9 72.2 71.3
Germany 38.4 37.3 36.2 35.4 33.9 31.7 29.7 30.6 28.1
Ghana 61.9 64.6 66.2 67.1 67.7 67.5 69.1 70.7 71.9
Greece 43.5 45.4 46.1 45.9 47.4 50.4 50.6 52.1 52.6
Iceland 21.1 20.9 29.0 29.8 30.1 29.1 24.7 25.9 23.4
India 70.8 72.9 77.8 79.2 79.3 78.0 77.5 76.9 79.4
Indonesia 84.4 83.3 84.1 83.1 81.6 80.6 78.2 76.8 75.0
Ireland 19.5 19.9 21.6 22.4 25.3 26.5 24.8 26.1 24.7
Japan 28.5 29.7 31.2 31.3 31.0 43.5 36.1 36.3 36.0
Kazakhstan 72.3 72.4 72.5 72.7 70.2 70.9 69.8 68.5 68.3
Madagascar 76.5 76.7 81.6 82.6 83.2 82.5 82.7 83.1 83.6
Malaysia 65.9 67.2 68.9 69.2 68.7 68.5 66.1 66.2 65.9
Mexico 72.6 72.2 75.4 76.1 75.1 73.6 73.1 71.1 71.8
Mozambique 76.9 76.8 80.7 81.7 83.6 82.4 82.8 85.9 86.9
New Caledonia 28.6 27.3 27.0 27.9 28.3 28.1 26.9 28.6 26.8
Nigeria 95.6 95.7 99.8 100.2 99.9 101.1 100.7 99.7 102.4
North Korea 97.7 97.7 98.3 97.8 95.6 95.5 95.1 94.0 93.8
Norway 17.1 16.8 18.3 18.7 20.4 23.9 21.5 23.0 20.8
Peru 76.4 77.5 77.1 76.9 73.6 73.5 72.3 72.9 71.9
Phillipines 83.2 83.4 85.8 87.1 85.0 83.2 82.8 85.3 86.3
Poland 47.6 47.6 49.6 49.0 46.8 44.3 40.9 42.1 39.8
Portugal 32.4 31.8 32.7 33.1 32.3 34.2 32.6 33.1 29.7
Russia 81.2 79.7 80.8 79.0 77.7 77.1 77.1 76.5 80.0
Rwanda 89.2 88.0 89.0 88.7 91.0 89.3 89.3 90.5 90.2
Slovakia 49.3 48.8 48.6 48.8 47.1 47.4 45.3 45.3 42.6
South Africa 57.4 62.7 67.4 67.9 67.6 66.8 67.6 66.6 67.0
South Korea 39.7 40.6 41.6 41.3 38.8 37.6 35.4 36.4 36.3
Spain 39.2 41.6 43.3 43.5 43.1 42.8 44.4 43.1 40.9
Sri Lanka 93.1 95.6 96.7 95.7 93.1 92.2 92.9 92.6 90.6
Sweden 19.3 19.8 20.6 20.9 22.8 21.3 19.7 21.4 20.2
Tajikistan 88.7 88.9 90.3 89.2 88.3 85.7 85.2 84.6 83.4
Thailand 76.0 75.6 79.2 78.8 78.3 77.0 75.1 77.0 79.1
Turkey 74.9 75.4 78.2 77.1 71.5 76.6 75.9 74.1 74.5
United Kingdom 34.1 32.9 33.6 33.9 34.1 35.3 33.2 34.3 33.4
Ukraine 71.4 70.8 69.7 69.5 69.0 67.2 65.9 67.2 76.3
United States 33.6 32.8 34.0 35.3 34.8 34.8 33.5 35.4 35.3
Venezuela 79.8 77.9 79.5 78.7 78.2 77.3 75.3 76.7 78.6
Vietnam 77.8 74.6 76.9 76.6 76.1 74.0 73.1 72.7 72.4
Zambia 80.6 81.6 84.2 83.9 83.8 85.9 86.6 86.2 85.2


















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 57. FS Weighted HHI
 
Material HHI 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 50.84 50.29 52.96 51.96 50.16 49.05 50.64 49.45 47.85
Beryllium
0.81 27.64 26.99 27.99 29.03 28.64 28.60 27.55 29.09 28.99
Chromium
0.33 18.03 19.47 20.80 20.95 20.77 20.61 20.79 20.48 20.61
Cobalt
0.28 27.36 27.66 28.20 28.49 28.04 28.78 28.95 28.52 28.38
Gallium
0.25 10.43 10.19 10.30 10.16 9.87 9.62 9.36 9.46 8.98
Germanium
0.59 43.33 42.85 45.14 44.29 42.75 41.80 43.17 42.16 40.77
Indium
0.32 23.26 23.07 24.27 23.83 22.98 22.56 23.10 22.65 21.94
Lead
0.41 32.09 31.79 33.47 32.89 31.79 31.13 32.02 31.31 30.28
Lithium
0.29 9.42 9.92 10.35 10.57 10.99 11.45 10.85 10.89 10.51
Magnesium
0.51 40.79 40.35 42.49 41.69 40.24 39.37 40.64 39.69 38.41
Manganese
0.16 8.91 9.32 9.84 9.88 9.78 9.68 9.67 9.56 9.44
Rare Earth Oxide
0.73 59.19 58.53 61.67 60.51 58.41 57.11 58.98 57.60 55.72
Graphite
0.48 38.38 38.02 40.06 39.37 38.06 37.23 38.36 37.49 36.38
Nickel
0.11 5.44 5.44 5.58 5.60 5.49 5.40 5.33 5.40 5.42
Niobium
0.81 54.17 54.74 55.96 54.59 52.73 51.93 50.29 49.74 50.70
Platinum
0.35 17.41 18.77 20.05 20.15 20.03 19.76 19.85 19.75 19.71
Palladium
0.29 21.08 21.35 22.04 21.76 21.48 21.29 21.35 21.15 21.81
Rhenium
0.33 12.21 12.87 13.26 13.41 14.12 14.90 14.53 14.46 14.37
Silicon
0.44 35.35 34.95 36.80 36.11 34.87 34.11 35.20 34.39 33.31
Tantalum
0.32 28.64 28.36 28.74 28.69 29.25 28.86 28.88 29.15 29.07
Tellurium
0.41 20.34 20.36 20.89 20.61 20.33 20.17 19.90 20.11 20.35
Terbium
0.73 59.19 58.53 61.67 60.51 58.41 57.11 58.98 57.60 55.72
Tungsten




FS Normalized Estimates 
Table 58. FS Normalized Estimates 
 
Country 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Armenia 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Austria 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Australia 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
Belgium 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.1
Bhutan 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Bolivia 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6
Brazil 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Myanmmar 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8
Burundi 0.8 0.8 0.8 0.9 0.9 0.8 0.8 0.9 0.9
Canada 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Chile 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
China 0.7 0.7 0.7 0.7 0.7 0.6 0.7 0.6 0.6
Colombia 0.8 0.8 0.7 0.8 0.8 0.7 0.7 0.7 0.7
Congo (D. R.) 1.0 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0
Cuba 0.7 0.6 0.7 0.7 0.6 0.6 0.6 0.6 0.5
Ethiopia 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9
France 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.2
Gabon 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Germany 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Ghana 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6
Greece 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4
Iceland 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0
India 0.6 0.6 0.6 0.7 0.7 0.6 0.6 0.6 0.7
Indonesia 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6
Ireland 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
Japan 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2
Kazakhstan 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5
Madagascar 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Malaysia 0.5 0.5 0.5 0.6 0.6 0.5 0.5 0.5 0.5
Mexico 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Mozambique 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7
New Caledonia 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Nigeria 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9
North Korea 0.9 0.8 0.8 0.9 0.9 0.8 0.8 0.8 0.8
Norway 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Peru 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Phillipines 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Poland 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2
Portugal 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1
Russia 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.7
Rwanda 0.8 0.7 0.7 0.8 0.8 0.8 0.8 0.8 0.8
Slovakia 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
South Africa 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
South Korea 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Spain 0.2 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.2
Sri Lanka 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Sweden 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tajikistan 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.7
Thailand 0.6 0.6 0.6 0.7 0.7 0.6 0.6 0.6 0.7
Turkey 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
United Kingdom 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1
Ukraine 0.6 0.6 0.5 0.6 0.6 0.5 0.5 0.5 0.6
United States 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2
Venezuela 0.7 0.6 0.6 0.7 0.7 0.6 0.6 0.6 0.7
Vietnam 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Zambia 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Zimbabwe 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9
2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 110.1 112.5 114.0 110.2 108.2 111.2 111.9 110.2 109.7
Minimum 17.1 16.8 18.3 18.7 20.4 21.3 19.7 21.4 20.2
FS Normalized Estimates
Maximum Minimum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 60. FS Weighted HHI with Normalized Estimates   
 
 
Material HHI 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.43 0.42 0.43 0.44 0.43 0.40 0.42 0.41 0.39
Beryllium
0.81 0.15 0.14 0.14 0.15 0.14 0.13 0.12 0.13 0.14
Chromium
0.33 0.16 0.17 0.18 0.19 0.19 0.18 0.19 0.18 0.19
Cobalt
0.28 0.25 0.25 0.25 0.26 0.26 0.26 0.26 0.26 0.26
Gallium
0.25 0.09 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.06
Germanium
0.59 0.43 0.41 0.43 0.43 0.42 0.40 0.41 0.40 0.39
Indium
0.32 0.19 0.19 0.19 0.20 0.19 0.18 0.18 0.18 0.17
Lead
0.41 0.27 0.26 0.27 0.28 0.27 0.25 0.26 0.25 0.25
Lithium
0.29 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.05 0.05
Magnesium
0.51 0.35 0.33 0.35 0.35 0.34 0.32 0.33 0.33 0.32
Manganese
0.16 0.07 0.07 0.07 0.08 0.08 0.07 0.07 0.07 0.07
Rare Earth Oxide
0.73 0.50 0.48 0.50 0.51 0.50 0.46 0.48 0.47 0.46
Graphite
0.48 0.33 0.31 0.33 0.33 0.32 0.30 0.31 0.31 0.30
Nickel
0.11 0.08 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.08
Niobium
0.81 0.43 0.43 0.43 0.43 0.41 0.39 0.37 0.36 0.38
Platinum
0.35 0.12 0.13 0.14 0.15 0.15 0.14 0.14 0.14 0.14
Palladium
0.29 0.18 0.17 0.18 0.18 0.18 0.17 0.17 0.17 0.18
Rhenium
0.33 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.08 0.09
Silicon
0.44 0.30 0.29 0.30 0.31 0.30 0.28 0.29 0.28 0.28
Tantalum
0.32 0.25 0.24 0.24 0.25 0.26 0.25 0.25 0.25 0.25
Tellurium
0.41 0.14 0.14 0.14 0.14 0.14 0.13 0.13 0.13 0.13
Terbium
0.73 0.50 0.48 0.50 0.51 0.50 0.46 0.48 0.47 0.46
Tungsten




Polity Weighted HHI 
Table 61. Polity Raw Scores 
  
Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 8 8 8 8 8 8 8 8 8 8 8 9
Armenia 5 5 5 5 5 5 5 5 5 5 5 5
Austria 10 10 10 10 10 10 10 10 10 10 10 10
Australia 10 10 10 10 10 10 10 10 10 10 10 10
Belgium 10 10 8 8 8 8 8 8 8 8 8 8
Bhutan 0 -6 -6 4 4 4 4 4 4 5 5 5
Bolivia 8 8 8 8 8 7 7 7 7 7 7 7
Brazil 8 8 8 8 8 8 8 8 8 8 8 8
Myanmmar -8 -8 -8 -8 -6 -6 -6 -4 -3 -3 -3 0
Burundi 4 6 6 6 6 6 6 6 6 6 6 -1
Canada 10 10 10 10 10 10 10 10 10 10 10 10
Chile 9 9 10 10 10 10 10 10 10 10 10 10
China -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7
Colombia 7 7 7 7 7 7 7 7 7 7 7 7
Congo (D. R.) -6 0 5 5 5 5 5 5 5 5 5 5
Cuba -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -7 -7
Ethiopia 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -3 -3
France 9 9 9 9 9 9 9 9 9 9 9 9
Gabon -4 -4 -4 -4 -4 1 1 1 1 1 3 3
Germany 10 10 10 10 10 10 10 10 10 10 10 10
Ghana 8 8 8 8 8 8 8 8 8 8 8 8
Greece 10 10 10 10 10 10 10 10 10 10 10 10
Iceland 10 10 10 10 10 10 10 10 10 10 10 10
India 9 9 9 9 9 9 9 9 9 9 9 9
Indonesia 8 8 8 8 8 8 8 8 8 8 9 9
Ireland 10 10 10 10 10 10 10 10 10 10 10 10
Japan 10 10 10 10 10 10 10 10 10 10 10 10
Kazakhstan -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6
Madagascar 7 7 7 7 7 0 0 3 3 3 6 6
Malaysia 3 3 3 6 6 6 6 6 6 6 5 5
Mexico 8 8 8 8 8 8 8 8 8 8 8 8
Mozambique 5 5 5 5 5 5 5 5 5 4 5 5
New Caledonia
Nigeria 4 4 4 4 4 4 4 4 4 4 4 7
Korea North -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10
Norway 10 10 10 10 10 10 10 10 10 10 10 10
Peru 9 9 9 9 9 9 9 9 9 9 9 9
Phillipines 8 8 8 8 8 8 8 8 8 8 8 8
Poland 10 10 10 10 10 10 10 10 10 10 10 10
Portugal 10 10 10 10 10 10 10 10 10 10 10 10
Russia 6 6 5 4 4 4 4 4 4 4 4 4
Rwanda -3 -3 -3 -3 -3 -3 -4 -4 -4 -3 -3 -3
Slovakia 9 9 10 10 10 10 10 10 10 10 10 10
South Africa 9 9 9 9 9 9 9 9 9 9 9 9
Korea South 8 8 8 8 8 8 8 8 8 8 8 8
Spain 10 10 10 10 10 10 10 10 10 10 10 10
Sri Lanka 5 5 6 6 6 6 4 4 4 4 3 6
Sweden 10 10 10 10 10 10 10 10 10 10 10 10
Tajikistan -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3
Thailand 8 0 -5 0 4 4 4 7 7 7 -3 -3
Turkey 7 7 7 7 7 7 7 9 9 9 3 3
United Kingdom 10 10 10 10 10 10 10 10 10 10 10 10
Ukraine 6 6 7 7 7 7 6 6 6 6 4 4
United States 10 10 10 10 10 10 10 10 10 10 10 10
Venezuela 6 6 5 5 5 -3 -3 -3 -3 4 4 4
Vietnam -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7
Zambia 5 5 5 5 7 7 7 7 7 7 7 7


















USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 63. Polity Weighted HHI 
 
 
Material HHI 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 -4.33 -4.33 -4.33 -4.33 -4.33 -4.33 -4.33 -4.32 -4.32 -4.32 -4.32 -4.31
Beryllium
0.81 8.04 8.04 8.04 8.04 8.04 8.04 8.04 8.04 8.04 8.04 8.04 8.04
Chromium
0.33 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.48 2.48 2.48 2.44 2.44
Cobalt
0.28 -1.40 0.09 1.33 1.32 1.33 1.33 1.33 1.33 1.33 1.33 1.32 1.32
Gallium
0.25 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58
Germanium
0.59 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66 -3.66
Indium
0.32 -1.38 -1.38 -1.39 -1.39 -1.39 -1.39 -1.39 -1.39 -1.39 -1.39 -1.39 -1.39
Lead
0.41 -2.37 -2.37 -2.38 -2.38 -2.38 -2.38 -2.38 -2.38 -2.38 -2.38 -2.38 -2.38
Lithium
0.29 2.41 2.41 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.55
Magnesium
0.51 -3.39 -3.39 -3.39 -3.40 -3.40 -3.40 -3.40 -3.39 -3.39 -3.39 -3.40 -3.40
Manganese
0.16 0.72 0.72 0.72 0.72 0.72 0.79 0.79 0.79 0.79 0.79 0.81 0.81
Rare Earth Oxide
0.73 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03
Graphite
0.48 -2.90 -2.90 -2.90 -2.90 -2.90 -2.90 -2.90 -2.90 -2.90 -2.90 -2.91 -2.91
Nickel
0.11 0.63 0.63 0.62 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.62 0.62
Niobium
0.81 6.53 6.53 6.53 6.53 6.53 6.53 6.53 6.53 6.53 6.53 6.53 6.53
Platinum
0.35 3.21 3.21 3.20 3.19 3.19 3.20 3.20 3.20 3.20 3.21 3.21 3.21
Palladium
0.29 2.10 2.10 1.92 1.73 1.73 1.75 1.75 1.75 1.75 1.76 1.76 1.76
Rhenium
0.33 2.85 2.85 3.12 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10
Silicon
0.44 -2.86 -2.86 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87
Tantalum
0.32 -0.91 -0.73 -0.58 -0.58 -0.58 -0.58 -0.85 -0.85 -0.85 -0.59 -0.58 -0.58
Tellurium
0.41 3.42 3.42 3.24 3.06 3.06 3.06 3.06 3.06 3.06 3.06 3.06 3.06
Terbium
0.73 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03 -5.03
Tungsten




Polity Normalized Estimates 
Table 64. Polity Normalized Estimates 
  
Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.95
Armenia 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Austria 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Australia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Belgium 1.00 1.00 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Bhutan 0.50 0.20 0.20 0.70 0.70 0.70 0.70 0.70 0.70 0.75 0.75 0.75
Bolivia 0.90 0.90 0.90 0.90 0.90 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Brazil 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Myanmmar 0.10 0.10 0.10 0.10 0.20 0.20 0.20 0.30 0.35 0.35 0.35 0.50
Burundi 0.70 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.45
Canada 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Chile 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
China 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Colombia 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Congo (D. R.) 0.20 0.50 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Cuba 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.15 0.15
Ethiopia 0.55 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.35 0.35
France 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Gabon 0.30 0.30 0.30 0.30 0.30 0.55 0.55 0.55 0.55 0.55 0.65 0.65
Germany 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ghana 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Greece 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Iceland 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
India 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Indonesia 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.95 0.95
Ireland 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Japan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Kazakhstan 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Madagascar 0.85 0.85 0.85 0.85 0.85 0.50 0.50 0.65 0.65 0.65 0.80 0.80
Malaysia 0.65 0.65 0.65 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.75 0.75
Mexico 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Mozambique 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.70 0.75 0.75
New Caledonia 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Nigeria 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.85
Korea North 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Norway 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Peru 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Phillipines 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Poland 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Portugal 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Russia 0.80 0.80 0.75 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Rwanda 0.35 0.35 0.35 0.35 0.35 0.35 0.30 0.30 0.30 0.35 0.35 0.35
Slovakia 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
South Africa 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Korea South 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Spain 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sri Lanka 0.75 0.75 0.80 0.80 0.80 0.80 0.70 0.70 0.70 0.70 0.65 0.80
Sweden 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tajikistan 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Thailand 0.90 0.50 0.25 0.50 0.70 0.70 0.70 0.85 0.85 0.85 0.35 0.35
Turkey 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.95 0.95 0.95 0.65 0.65
United Kingdom 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ukraine 0.80 0.80 0.85 0.85 0.85 0.85 0.80 0.80 0.80 0.80 0.70 0.70
United States 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Venezuela 0.80 0.80 0.75 0.75 0.75 0.35 0.35 0.35 0.35 0.70 0.70 0.70
Vietnam 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Zambia 0.75 0.75 0.75 0.75 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Zimbabwe 0.30 0.30 0.30 0.30 0.30 0.55 0.55 0.55 0.55 0.70 0.70 0.70
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 10 10 10 10 10 10 10 10 10 10 10 10
Minimum -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10
Polity Normalized Estimates
Minimum Maximum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Table 66. Polity Weighted HHI with Normalized Estimates   
 
Material HHI 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Beryllium
0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81
Chromium
0.33 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Cobalt
0.28 0.07 0.15 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21
Gallium
0.25 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21
Germanium
0.59 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Indium
0.32 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Lead
0.41 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Lithium
0.29 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
Magnesium
0.51 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Manganese
0.16 0.11 0.11 0.11 0.11 0.11 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Rare Earth Oxide
0.73 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Graphite
0.48 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Nickel
0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Niobium
0.81 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
Platinum
0.35 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
Palladium
0.29 0.26 0.26 0.25 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Rhenium
0.33 0.31 0.31 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
Silicon
0.44 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Tantalum
0.32 0.11 0.12 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.13 0.13 0.13
Tellurium
0.41 0.38 0.38 0.37 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Terbium
0.73 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Tungsten




Polity 1-Normalized Estimates  
Table 67. Polity 1 – Normalized Estimates 
  
Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Argentina 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.05
Armenia 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Austria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Australia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Belgium 0.00 0.00 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Bhutan 0.50 0.80 0.80 0.30 0.30 0.30 0.30 0.30 0.30 0.25 0.25 0.25
Bolivia 0.10 0.10 0.10 0.10 0.10 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Brazil 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Myanmmar 0.90 0.90 0.90 0.90 0.80 0.80 0.80 0.70 0.65 0.65 0.65 0.50
Burundi 0.30 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.55
Canada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chile 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
China 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Colombia 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Congo (D. R.) 0.80 0.50 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Cuba 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.85 0.85
Ethiopia 0.45 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.65 0.65
France 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Gabon 0.70 0.70 0.70 0.70 0.70 0.45 0.45 0.45 0.45 0.45 0.35 0.35
Germany 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ghana 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Greece 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Iceland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
India 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Indonesia 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.05 0.05
Ireland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Japan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kazakhstan 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Madagascar 0.15 0.15 0.15 0.15 0.15 0.50 0.50 0.35 0.35 0.35 0.20 0.20
Malaysia 0.35 0.35 0.35 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.25 0.25
Mexico 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Mozambique 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.30 0.25 0.25
New Caledonia 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Nigeria 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.15
Korea North 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Norway 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Peru 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Phillipines 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Poland 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Portugal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Russia 0.20 0.20 0.25 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Rwanda 0.65 0.65 0.65 0.65 0.65 0.65 0.70 0.70 0.70 0.65 0.65 0.65
Slovakia 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
South Africa 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Korea South 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Spain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sri Lanka 0.25 0.25 0.20 0.20 0.20 0.20 0.30 0.30 0.30 0.30 0.35 0.20
Sweden 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tajikistan 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Thailand 0.10 0.50 0.75 0.50 0.30 0.30 0.30 0.15 0.15 0.15 0.65 0.65
Turkey 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.05 0.05 0.05 0.35 0.35
United Kingdom 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ukraine 0.20 0.20 0.15 0.15 0.15 0.15 0.20 0.20 0.20 0.20 0.30 0.30
United States 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Venezuela 0.20 0.20 0.25 0.25 0.25 0.65 0.65 0.65 0.65 0.30 0.30 0.30
Vietnam 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Zambia 0.25 0.25 0.25 0.25 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Zimbabwe 0.70 0.70 0.70 0.70 0.70 0.45 0.45 0.45 0.45 0.30 0.30 0.30
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Maximum 10 10 10 10 10 10 10 10 10 10 10 10
Minimum -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10
Polity 1-Normalized Estimates
Minimum Maximum Normalization Values
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USA Bolivia Burma China Russia South Africa Tajikistan Other Countries 
159000 5000 9000 125000 7000 3100 4700 5200
USA China Mozambique Other Countries 
267 240 20 6 1
USA India Kazakhstan South Africa Turkey Other Countries
29000 NA 3000 4000 15000 2400 4600
USA Australia Brazil Canada China Congo(Kinsasha) Cuba New Caledonia Philippines Russia South Africa Zambia Other Countries
112300 NA 6500 3000 7000 7200 56000 4200 2800 3700 6300 3000 3100 9500
Canada China Germany United Kingdom Other Countries
380 22.8 79.8 129.2 98.8 49.4
USA China Russia Other Countries
164500 120000 4500 40000
USA Belgium Canada China France Germany Japan South Korea Peru Russia
819 30 65 420 48 10 72 150 11 13
USA Australia Bolivia Canada China India Ireland Mexico Peru Poland Russia South Africa Sweden Turkey
4778 720 75 4 2950 110 40 220 270 40 195 27 62 65
USA Argentina Australia Brazil Chile China Portugal Zimbabwe
35770 2900 13000 400 12900 5000 570 1000
USA Australia Austria Brazil China Greece India North Korea Russia Slovakia Spain Turkey Other Countries
6965 130 200 150 4900 115 60 80 400 200 280 300 150
USA Australia Brazil Burma China Gabon Ghana India Kazakshtan Malaysia Mexico South Africa Ukraine Other Countries
17780 3100 1100 200 3200 2000 540 940 390 440 220 4700 300 650
USA Australia Brazil China India Malaysia Russia Thailand Vietnam Other Countries
111500 7000 2500 --- 95000 3000 200 2500 1100 200 NA
China India Brazil Canada Turkey North Korea Russia Mexico Ukraine Zimbabwe Madagascar Sri Lanka Norway
1165000 780000 170000 80000 30000 30000 30000 14000 8000 6000 6000 5000 4000 2000
USA Australia Brazil Canada China Colombia Cuba Indonesia Madagascar New Caledonia Philippines Russia South Africa Other Countries
2,431,100.00 3,600 220,000 126,000 233,000 100,000 75,000 66,000 240,000 37,800 165,000 440,000 260,000 54,700 410,000
Brazil Canada Other Countries
59,000 53,000 5,000 1,000
USA Canada Russia South Africa Zimbabwe Other Countries
226 4 72 25 110 11 4
USA Canada Russia South Africa Zimbabwe Other Countries
190,200 12,200 17,000 81,000 60,000 10,000 10,000
USA Armenia Canada Chile Kazakhstan Peru Poland Russia Uzbekistan Other
2453000 390000 95000 32000 1300000 190000 45000 310000 91000
USA Bhutan Brazil Canada China France Iceland India Norway Russia South Africa Ukraine Venezuela Other Countries
7,676,000 359,000 54,000 230,000 60,000 5,000,000 131,000 75,000 86,000 369,000 699,000 86,000 89,000 49,000 389,000
USA Australia Brazil Burundi Rwanda China Congo(Kinshasa) Ethiopia Mozambique Nigeria Canada
1157 98 14 600 60 200 40 85 60
USA Canada Japan Russia Peru Other Countries
95 10 45 40
USA Australia China India Malaysia Russia Thailand Vietnam Other Countries Brazil
111,500 7,000 2,500 95,000 3,000 200 2,500 1,100 200
USA Australia Austria Bolivia Canada China Congo(Kinshasa) Portugal Russia Rwanda Vietnam Other Countries
82,450 600 850 1,300 2,200 68,000 800 700 3,600 700 2,000 1,700
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Material HHI 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Antimony
0.63 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
Beryllium
0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium
0.33 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.06 0.06
Cobalt
0.28 0.21 0.14 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Gallium
0.25 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Germanium
0.59 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
Indium
0.32 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
Lead
0.41 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.33 0.33
Lithium
0.29 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Magnesium
0.51 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Manganese
0.16 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Rare Earth Oxide
0.73 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62
Graphite
0.48 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
Nickel
0.11 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Niobium
0.81 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Platinum
0.35 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Palladium
0.29 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Rhenium
0.33 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Silicon
0.44 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37
Tantalum
0.32 0.20 0.20 0.19 0.19 0.19 0.19 0.20 0.20 0.20 0.19 0.19 0.19
Tellurium
0.41 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Terbium
0.73 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62
Tungsten




Financial Portfolio Raw Numbers – Beryllium 
Table 70. Beryllium Risk and Reward Calculations   
 





Uniform Risk (polity weighted HHI) Risk Percent Quality (price*ore grade) Expected Return on PortfolioReturn Percent
41 0.41 7.71 0.038 94.30 727.05 0.055
41 0.41 7.67 0.038 94.30 723.28 0.055
43 0.43 7.26 0.036 98.90 718.01 0.054
34 0.34 7.67 0.038 78.20 599.79 0.045
38 0.38 6.59 0.033 87.40 575.97 0.043
38 0.38 6.58 0.033 87.40 575.09 0.043
35 0.35 6.27 0.031 80.50 504.74 0.038
35 0.35 6.12 0.030 80.50 492.66 0.037
27 0.27 7.58 0.038 62.10 470.72 0.036
27 0.27 6.81 0.034 62.10 422.90 0.032
25 0.25 7.06 0.035 57.50 405.95 0.031
23 0.23 7.67 0.038 52.90 405.74 0.031
23 0.23 7.59 0.038 52.90 401.51 0.030
29 0.29 5.82 0.029 66.70 388.19 0.029
29 0.29 5.8 0.029 66.70 386.86 0.029
22 0.22 7.6 0.038 50.60 384.56 0.029
28 0.28 5.96 0.030 64.40 383.82 0.029
26 0.26 6.34 0.032 59.80 379.13 0.029
23 0.23 7.15 0.036 52.90 378.24 0.029
41 0.41 3.83 0.019 94.30 361.17 0.027
22 0.22 6.97 0.035 50.60 352.68 0.027
36 0.36 4.19 0.021 82.80 346.93 0.026
26 0.26 5.47 0.027 59.80 327.11 0.025
27 0.27 5.21 0.026 62.10 323.54 0.024
36 0.36 3.57 0.018 82.80 295.60 0.022
27 0.27 4.64 0.023 62.10 288.14 0.022
22 0.22 5.27 0.026 50.60 266.66 0.020
29 0.29 3.76 0.019 66.70 250.79 0.019
13 0.13 7.78 0.039 29.90 232.62 0.018
26 0.26 3.61 0.018 59.80 215.88 0.016
23 0.23 3.86 0.019 52.90 204.19 0.015
24 0.24 3.33 0.017 55.20 183.82 0.014
16 0.16 4.7 0.023 36.80 172.96 0.013
14 0.14 3.4 0.017 32.20 109.48 0.008
Beryllium Ore Grade
Beryllium Risk and Reward Trade-off
X (Risk) Y =1.58x
Point 1 Point 2 0 0
return percent 0.054 0.027 0.015 0.024
risk percent 0.036 0.019 0.025 0.039
0.040 0.063
slope 1.576 0.045 0.071
Slope Between Two Points
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Financial Portfolio Raw Numbers – Tungsten 
Table 72. Tungsten Risk and Reward Calculations 
 




Uniform Risk (polity weighted HHI) Risk Percent Quality (price*ore grade) Expected Return Return Percent
91 0.091 -4.43 0.036 0.703 -3.112 0.058
96 0.096 -3.79 0.031 0.741 -2.809 0.052
77 0.077 -4.55 0.037 0.594 -2.705 0.050
96 0.096 -3.62 0.029 0.741 -2.683 0.050
91 0.091 -3.35 0.027 0.703 -2.353 0.044
80 0.08 -3.64 0.030 0.618 -2.248 0.042
88 0.088 -3.19 0.026 0.679 -2.167 0.040
71 0.071 -3.92 0.032 0.548 -2.149 0.040
88 0.088 -3.14 0.026 0.679 -2.133 0.040
59 0.059 -4.65 0.038 0.455 -2.118 0.039
64 0.064 -3.73 0.030 0.494 -1.843 0.034
68 0.068 -3.48 0.028 0.525 -1.827 0.034
51 0.051 -4.63 0.038 0.394 -1.823 0.034
51 0.051 -4.58 0.037 0.394 -1.803 0.034
76 0.076 -3.07 0.025 0.587 -1.801 0.034
76 0.076 -2.99 0.024 0.587 -1.754 0.033
57 0.057 -3.68 0.030 0.440 -1.619 0.030
51 0.051 -3.84 0.031 0.394 -1.512 0.028
63 0.063 -3.07 0.025 0.486 -1.493 0.028
42 0.042 -4.57 0.037 0.324 -1.482 0.028
50 0.05 -3.63 0.029 0.386 -1.401 0.026
59 0.059 -2.87 0.023 0.455 -1.307 0.024
47 0.047 -3.42 0.028 0.363 -1.241 0.023
47 0.047 -3.35 0.027 0.363 -1.216 0.023
37 0.037 -3.46 0.028 0.286 -0.988 0.018
37 0.037 -3.26 0.026 0.286 -0.931 0.017
31 0.031 -3.53 0.029 0.239 -0.845 0.016
31 0.031 -3.46 0.028 0.239 -0.828 0.015
33 0.033 -2.94 0.024 0.255 -0.749 0.014
29 0.029 -2.89 0.023 0.224 -0.647 0.012
24 0.024 -3.34 0.027 0.185 -0.619 0.012
19 0.019 -3.96 0.032 0.147 -0.581 0.011
19 0.019 -3.56 0.029 0.147 -0.522 0.010
12 0.012 -3.47 0.028 0.093 -0.321 0.006
Tungsten Ore Grade
X (Risk) Y  (y = 1.7x)
Point 1 Point 2 0 0
return percent 0.052 0.050 0.025 0.043
risk percent 0.031 0.029 0.030 0.051
0.045 0.077
slope 1.701 0.040 0.068
Slope Between Two Points
Tungsten Risk Reward Trade-off
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Financial Portfolio Raw Numbers – Cobalt 
Table 74. Cobalt Risk and Reward Calculations 
 




Uniform Risk (polity weighted HHI) Risk Percent Quality (price*ore grade) Expected ReturnReturn Percent
59 0.59 1.22 0.034 6.478 7.909 0.038
63 0.63 1.33 0.037 6.917 9.199 0.044
64 0.64 1.28 0.035 7.027 8.988 0.043
63 0.63 1.22 0.034 6.917 8.438 0.041
60 0.6 1.28 0.035 6.588 8.420 0.040
56 0.56 1.32 0.036 6.149 8.088 0.039
61 0.61 1.20 0.033 6.698 8.056 0.039
53 0.53 1.32 0.036 5.819 7.692 0.037
53 0.53 1.29 0.036 5.819 7.533 0.036
53 0.53 1.28 0.035 5.819 7.430 0.036
57 0.57 1.18 0.033 6.259 7.415 0.036
58 0.58 1.16 0.032 6.368 7.402 0.036
50 0.5 1.32 0.036 5.490 7.262 0.035
52 0.52 1.25 0.034 5.710 7.132 0.034
54 0.54 1.16 0.032 5.929 6.888 0.033
54 0.54 1.12 0.031 5.929 6.641 0.032
45 0.45 1.33 0.037 4.941 6.564 0.032
53 0.53 1.11 0.031 5.819 6.472 0.031
49 0.49 1.19 0.033 5.380 6.410 0.031
50 0.5 1.17 0.032 5.490 6.406 0.031
43 0.43 1.30 0.036 4.721 6.140 0.030
49 0.49 1.12 0.031 5.380 6.037 0.029
45 0.45 1.20 0.033 4.941 5.949 0.029
48 0.48 1.13 0.031 5.270 5.943 0.029
42 0.42 1.29 0.035 4.612 5.927 0.028
51 0.51 1.04 0.029 5.600 5.838 0.028
50 0.5 1.04 0.029 5.490 5.683 0.027
38 0.38 1.32 0.036 4.172 5.508 0.026
45 0.45 1.11 0.030 4.941 5.462 0.026
47 0.47 1.02 0.028 5.161 5.277 0.025
41 0.41 1.14 0.032 4.502 5.151 0.025
40 0.4 1.16 0.032 4.392 5.098 0.024
44 0.44 1.02 0.028 4.831 4.905 0.024
38 0.38 1.17 0.032 4.172 4.878 0.023
Cobalt ore grade
Cobalt Risk Reward Trade-off
Slope Between Two Points X (Risk) Y = 1.21x
Point 1 Point 2 0.000 0.000
return percent 0.044 0.041 0.025 0.030
risk percent 0.037 0.034 0.032 0.039
0.036 0.043
slope 1.207 0.045 0.054
